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ABSTRACT 


A  Gamma-ray  scanning  instrument  was  developed  to 
investigate  the  concentration  gradient  of  fluidized  solids 
transport  in  a  V’  horizontal  pipeline. 

A  simplified  model  of  the  flow  mechanism  is  form¬ 
ulated  and  confirmed  experimentally  for  sand-water  mixtures. 
The  model  equates  the  measured  pressure  gradient  acting 
over  the  entire  pipe  flow  section  to  the  sum  of  the  wall 
shear  stresses,  acting  respectively  in  the  top  low  solids 
concentration  region  and  in  the  bottom  high  concentration  re¬ 
gion.  The  pipe  wall  shear  stress  in  the  bottom  region  was 
estimated  from  the  Bagnold  "Dispersive  Stress”  Concept  which 
relates  the  shear  stress  to  the  submerged  weight  of  the 
solids  and  a  "dynamic”  coefficient  of  friction,  tan  .  The 
values  of  tan^c  were  found  to  fall  close  to  the  predicted 
values  and  were  reasonably  constant  (0.20  to  0.27)  for  con¬ 
ditions  where  the  high  concentration  zone  exceeded  depths  of 
approximately  1.5" • 

An  empirical  equation  for  the  concentration  grad¬ 
ient  in  the  dense  solids  transport  region  which  shows  a  fair¬ 
ly  constant  solids  distribution  is  developed  and  although 
subject  to  further  experimental  verification,  gives  practical 
significance  to  the  investigation  at  this  stage. 
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CHAPTER  I 


INTRODUCTION 

1.1  HYDRAULIC  TRANSPORT  OF  FLUIDIZED  SOLIDS  IN  PIPELINES 

Hydraulic  transport  is  used  extensively  in  road  and 
dam  construction,  land  and  harbor  reclamation  and  in  process 
effluent  streams  in  the  mining  and  chemical  industries,  where 
large  tonnages  of  bulk  material  are  involved.  Non-Newtonian 
carrying  fluids  such  as  clay  suspensions  are  frequently  en¬ 
countered  in  the  latter  industries. 

A  very  broad  classification  of  transport  regimes 
is:  (1)  A  fully  suspended  regime;  solids  do  not  appear  as 

a  separate  phase  in  the  lower  pipe  section.  (2)  A  fully  de¬ 
veloped  bed  regime;  the  bulk  of  the  solids  appear  as  a  sep¬ 
arate  phase  in  the  lower  pipe  section.  (3)  A  transition  re¬ 
gime  or  critical  deposit  regime  where  part  of  the  solids 
appear  as  a  separate  phase  moving  along  the  pipe  floor.  Many 
classifications  based  on  particle  size,  terminal  settling 
velocity  and  average  flow  velocity  (Govier  and  Charles,  1961; 
Newitt  et  al ,  1955;  Durand,  1952)  have  been  proposed,  none 
of  which  accounts  for  the  actual  differences  in  vertical  con¬ 
centration  gradients  between  the  flow  regimes. 

A  hydraulic  transport  task  force  at  the  I960  ASCE 
Hydraulics  Division  Conference  stated  that  "It  is  unfortunate 
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considering  the  many  applications  of  fluid  transport  of  sed¬ 
iment  in  pipes,  that  no  unified  theory  has  been  developed  to 
form  a  solid  foundation  for  experimental  and  design  work”. 

The  trend  has  been  to  vastly  overdesign  commercial  install¬ 
ations*  This  approach  is  acceptable  in  applications  where 
equipment  is  used  for  a  multitude  of  services*  In  most  other 
applications  handling  abrasive  solids,  closer  design  toler¬ 
ances  are  required  since  maintenance  costs  due  to  pipe  wear 
far  exceed  operating  costs*  A  rule  of  thumb  is  that  the  pipe 
wear  rate  is  proportional  to  the  third  power  of  the  average 
flow  velocity*  The  critical  deposit  regime,  although  assoc¬ 
iated  with  higher  pressure  gradients,  is  therefore  the  most 
economical  operating  region* 

1*2  WORK  TO  DATE 

Several  excellent,  up-to-date,  historical  reviews 
of  published  literature  (Chamberlain  et  al,  I960;  Babcock, 
1962;  Thomas,  1962;  Condolios  and  Chapus,  1963;  Ansley, 
1963 )  are  available  and  it  would  be  redundant  to  repeat  these 
in  detail*  However,  for  the  sake  of  completeness  a  brief 
summary  of  the  more  prominent  design  formulae  is  given  in 
SECTION  1.3. 

Research  on  this  topic  is  currently  in  progress. 

The  most  active  centers  have  been  at  Grenoble  (France),  Uni¬ 
versity  of  London  (England)  and  the  University  of  Colorado 
(U.S.A.)o  Recent  impetus  was  given  by  a  task  force  appoint¬ 
ed  by  the  American  Steel  Institute  (1963)*  Since  the  turn 
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of  the  century  the  critical  deposit  regime  has  been  recog¬ 
nized  as  the  most  economical  operating  condition  (Blatch, 

1906)o 

Experimental  work  to  date  has  been  confined  for 
the  most  part  to  measuring  pressure  gradients  of  various 
solid-fluid  mixtures o  This  is  due  to  two  reasons.  Firstly, 
this  has  been  the  conventional  approach  in  developing  fric¬ 
tion  factors  for  water  flow.  Secondly,  it  was  the  only 
experimental  technique  available.  This  has  resulted  in  em¬ 
pirical  and  semi-theoretical  techniques  of  predicting  press¬ 
ure  drop. 

The  critical  deposit  condition  was  first  postulat¬ 
ed  from  the  characteristic  plot  of  pressure  drop  versus  mean 
velocity  (FIGURE  I-l)„  It  was  postulated  (Blatch,  1906 ) 
that  the  increased  gradient  at  low  velocities  resulted  from 
partial  restriction  of  the  flow  area  and  increased  friction 
drag  of  the  settled  sand.  At  present  there  is  still  not 
agreement  as  to  whether  the  characteristic  curves  converge  or 
diverge  from  the  clear  water  line.  Observation  of  the  diff¬ 
erent  bed  conditions  is  not  as  simple  as  it  may  seem.  Only 
recently  has  there  been  disagreement  with  the  generally 
accepted  concept  of  a  bed  with  flat  surface.  It  was  demon¬ 
strated  that  bed  movement  by  dune  formation  exists  as  a 
stable  transport  mechanism  in  the  critical  region  (Ansley, 
1963).  This  corresponds  to  similar  phenomena  observed  for 
bed  load  transport  (Blench,  1957)  in  rivers  and  sand  dune 
movement  by  wind  (Bagnold,  1956). 
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Historically  the  most  successful  approach  has 
been  a  theoretical  dimensional  argument  based  on  simplified 
models.  This  approach  was  used  independently  by  several 
workers  and  has  been  compared  with  experimental  results  from 
both  large  and  small  scale  testing  units  (Newitt,  1955; 

Ansley,  1963 )  .  The  variables  used  were  pressure  gradient, 
density  of  solids,  shape  of  solids,  size  of  solids,  density 
and  viscosity  of  fluid,  mean  flow  velocity,  volume  concen¬ 
tration  of  solids,  roughness  height  of  conduit  wall,  and 
hydraulic  radius  of  conduit.  Although  it  was  recognized  that 
concentration  gradient  should  enter  as  a  variable,  the  ab¬ 
sence  of  a  reliable  method  of  measurement  precluded  its  use. 

In  developing  the  equations  the  trend  has  been  to  lump  the 
five  variables  -  solid  density,  shape,  size,  fluid  density 
and  viscosity  into  one  parameter  of  either  terminal  settling 
velocity  W  or  drag  coefficient  Cp.  In  fact  these  actually 
became  the  measured  variable »  In  view  of  this  it  is  hardly 
surprising  that  even  the  more  prominent  published  correlations 
are  not  in  agreement.  This  lack  of  agreement  is  particularly 
noted  in  the  critical  flow  regime.  This  is  obviously  true 
for  more  than  one  reason.  By  far  the  bulk  of  the  data  has 
been  taken  for  fully  suspended  clean  bed  conditions,  but, 
more  important,  the  measured  variable  W  or  Cp  has  very  little 
if  any  physical  meaning,  particularly  in  the  critical  deposit 
flow  condition.  The  drag  coefficient  measured  from  settling 
tests  in  clear  water  (or  more  often  taken  from  published 
tables)  is  not  a  very  meaningful  parameter  when  applied  to 
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hindered  settling  in  turbulent  flow  of  material  with  a  con¬ 
centration  gradient.  In  addition  it  is  difficult  to  determine 
a  characteristic  length  and  a  shape  factor  for  mixed  solid 
sizes.  Values  of  W  based  on  a  median  particle  diameter  and  a 
weighted  average  value  of  Cp>  have  been  used.  It  has  only  re¬ 
cently  been  recognized  that  appreciable  quantities  of  fine 
solids  can  alter  the  rheological  properties  of  the  carrying 
fluid.  However,  the  formulae  summarized  in  SECTION  1.3  are 
still  being  used  extensively  for  commercial  design  in  the  ab¬ 
sence  of  anything  better  and  despite  a  growing  awareness  of 
their  limitations.  In  many  instances  a  design  is  preceeded  by 
pilot  testing  on  a  large  scale  which  at  times  approaches  100$ 
of  full  size. 

Another  approach  to  the  problem  has  been  an  invest¬ 
igation  directed  towards  isolating  the  dynamics  of  solid-fluid 
interaction  (Banister,  1959;  Hinze,  1961;  Worster,  1952; 

Hunt,  195^;  Friedlander,  1957)°  Unfortunately  the  results 
have  been  in  terms  of  variables  which  cannot  be  measured  or 
related  to  the  external  parameters  such  as  hydraulic  gradient, 
mean  velocity  and  solids  concentration.  In  this  respect  these 
attempts  are  still  considered  to  be  inconclusive  by  their 
authors.  However,  they  have  aided  in  recognizing  pertinent 
parameters . 

1.3  SUMMARY  OF  DESIGN  FORMULAE  FOR  PIPELINE 
TRANSPORTATION  OF  SOLIDS 

Only  the  more  important  experimental  work  and  result¬ 
ing  design  formulae  will  be  reviewed.  A  general  discussion 
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of  these  approaches  is  given  in  the  preceeding  section. 

1.3.1  HAZEN  AND  HARDY  ( 1906 ) .  BLATCH  ( 1906  ) 

The  work  by  Hazen  and  Hardy  formulated  the  first 

investigation  into  hydraulic  transport  of  fluidized  solids  in 

pipelines o  Discussion  of  their  results  and  an  independent 

investigation  by  Blatch  with  60  -  100  mesh  sand  in  a  1"  pipe 

resulted  in  the  fundamental  plot  (FIGURE  1-1)  of  mean  velocity, 

Vm  versus  hydraulic  gradient,  i(ft  of  water  per  ft  of  pipe) 

and  the  following  observations; 

(i)  At  low  velocities,  i  =  fn(Cs). 

(ii)  At  high  velocities,  i  =  fn(Vm,Cs)o  Experimental 
data  indicated  i^ Vmn  where  n  =  1*75  to  1*86. 

(iii)  A  "critical  deposit  velocity"  exists  below  which 
a  bed  forms  in  the  pipe.  Blatch  found  it  to  be 
3o  5  ft/sec. 

(iv)  The  increased  value  of  i  at  low  velocities  results 
from  partial  restriction  of  the  flow  channel  and 
increased  friction  drag  of  a  dense  sand  layer  on  the 
pipe  floor. 

These  workers  concluded  that  the  hydraulic  gradient  of  a 
slurry  could  be  expressed  as  the  hydraulic  gradient  due  to 
water  alone  (iw)  at  the  given  slurry  velocity  plus  an  incre¬ 
mental  value  ( is )  which  is  a  function  of  the  sand  concentration. 

i.e.  i  =  ity  **"  f  (Cs  ) 

1.3.2  DURAND  AND  C0ND0LI0S  (1952) 

The  work  carried  out  at  the  Neypric  Hydraulic 
Transport  Laboratory  in  France  by  Durand  et  al  represents 
the  most  exhaustive  study  in  this  field.  Test  conditions 
covered  pipe  diameters  from  1”  to  28" ,  solids  with  specific 


HYDRAULIC  GRADIEMTC FT  OF  WATER/  FT) 
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gravities  ranging  from  1.5  for  coal  to  3.95  for  corundum  and 
transport  concentrations  up  to  60%  by  weight .  All  tests  were 
run  in  the  fully  suspended  or  "heterogeneous1’  flow  regime 
with  graded  material  having  particle  sizes  ranging  from  0.02 
to  100  mm. 


Durand  defined  the  transport  regimes  according  to 


solid  particle  sizes  as  follows; 

1.  Homogeneous  mixtures.  «  .  .  .  .  .  d  <  25  to  30  microns. 
Considered  equivalent  to  a  fluid 

and  classified  according  to  rheo¬ 
logical  behaviour. 

No  concentration  gradient  exists 
from  top  to  bottom  of  pipe. 

2.  Intermediate  mixtures.  ......  d  =  25  to  50  microns. 


3.  Heterogeneous  mixtures. 

A  concentration  gradient  exists 
from  the  top  to  the  bottom  of 
the  pipe. 

(a)  transport  by  suspension.  .  .  d  =  50  microns  to 

0.2  mm. 

(b)  transition  category.  ....  d  =  0.2  to  2  mm. 

(c)  transport  by  saltation.  .  .  .  d  >  2  mm. 


Saltation  referred  to  the  arched  flow  path  of  particles  be¬ 


ing  lifted  from  the  floor  only  to  be  deposited  further  along. 


The  objective  was  to  develop  a  non-dimensional 
correlation  which  could  be  used  to  predict  mixture  head  losses 
in  all  the  flow  regimes. 

O’Brien  and  Folsom  (1939)  recognized  the  potential 
of  grouping  the  variables,  specific  weight  of  solids,  shape 
and  size  of  solids  particles  and  specific  weight  and  viscos¬ 
ity  of  the  homogeneous  fluid  phase  into  the  one  parameter  of 
settling  velocity  of  the  solids  particles.  Durand  instead 
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used  the  drag  coefficient,  Cp,  as  a  measure  of  these  five 
variables  after  the  hydraulic  gradient  was  found  to  be  in¬ 
dependent  of  the  particle  size  for  particles  larger  than  2  mm. 
He  explained  this  phenomenon  by  the  fact  that  the  drag  co¬ 
efficient  for  spherical  particles  became  independent  of  the 
Reynolds  number  in  the  range  1000  to  200, 000 . 

His  results  were  best  fitted  by  the  equation: 


$  =  Lh  =  si 

^si-w 


gD(S-l) 


Vm2 


1.5 


9  9  9  0  0 


(1.3.1) 


The  critical  deposit  velocity  was  found  to  be: 

V2 


VC  =  FL  |J2gD(  S-l )] 


ft/SeC  e  o  o  «  o  o  »  ®  o  .(1.3.2) 

where  Fl  is  a  function  of  particle  diameter  and  solids 
concentration 

The  Durand  -  Condolios  equation  relates  i  to  Vm~3 
which  is  contrary  to  the  findings  of  Blatch® 


1.3.3  CONDOLIOS  AND  CHAPUS  (1963  ) 

Condolios  and  Chapus  conducted  some  tests  with 
ungraded  solids  as  an  extension  of  their  earlier  work  with 
graded  solids®  They  came  to  the  conclusion  that  the  critical 
deposit  velocity  could  still  be  predicted  from  EQUATION  1.3.2 
but  an  apparent  drag  coefficient  was  introduced  to  accommodate 
the  irregularity  of  particle  shape®  They  also  used  a  weighted 
drag  coefficient  to  account  for  the  different  particle  sizes. 
It  was  further  claimed  that  the  equation  could  be  used  for  the 
case  where  a  bed  exists  in  the  pipe.  In  this  case  the  dia¬ 
meter  was  replaced  by  the  hydraulic  radius  of  the  flow  area 


above  the  pipe. 

The  final  equation  for  this  condition  is: 
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d.3.3) 


where  V 
Rh 

^D-j_  9  ^D2 


true  velocity  above  the  fixed  bed. 
hydraulic  radius  of  flow  area  above  the  bed. 

pi^*P2^* . 

true  drag  coefficient  of  solid  sizes  d^,  d2» 

sphericity  of  solid  particles. 

_ cross-section  of  sphere  of  diameter  d _ 

maximum  cross-section  of  particle  of  diameter  d 

weight  percentages  of  fractions  with  diameters 

di,  d2o 


1.1.4  NEWITT  ET  AL  (1955) 

Newitt  et  al  derived  equations  for  homogeneous 
flow,  heterogeneous  flow  and  for  flow  with  a  sliding  bed. 

Their  use  of  the  term  (i-iw)  at  the  same  mean  velocity  as  a 
measure  of  the  energy  required  for  conveying  the  solids  is 
not  justified  since  the  presence  of  solids  will  almost  cer¬ 
tainly  modify  the  flow  pattern.  As  a  first  approximation  the 
hydraulic  gradient  due  to  fluid  alone  (iw)  and  the  increase 
due  to  the  solids  (is)  were  assumed  to  be  additive. 

i.e.  i=iw+is  •  °  •  #  •  0  •  •  • (1*3*4) 
By  using  is  as  a  measure  of  the  work  done  by  the  fluid  on 
the  particle  and  the  terminal  settling  velocity  W  and  apparent 
weight  of  solids  as  measures  of  the  work  done  by  the  particle 
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on  the  fluid  and  equating  these,  they  derived  the  following 
expression  for  heterogeneous  mixtures  without  a  bed  condition. 

$  =  1-lw  =  nco(s-i)  . . (1.3.5) 

Csiw  vm3 

For  flow  with  a  moving  bed,  is  was  related  to  the  work  done 
in  pushing  particles  over  the  floor.  In  the  simplified  model 
this  friction  force  was  taken  as  proportional  to  a  coefficient 
of  friction  and  the  apparent  weight  of  the  solids  in  water. 

This  expression  is  given  as: 

5  =  66(S-1)  . . (1.3.6) 

Vm2 

The  constants  in  the  above  equations  were  obtained  by  ex¬ 
periments  in  1”'  brass  pipes  using  narrow  particle  size  frac¬ 
tions.  The  effect  of  mixtures  of  two  sizes  was  also  studied. 
The  critical  deposit  velocity  equation  of  Durand  (EQUATION 
1.3 «2)  was  shown  to  hold  fairly  well  for  their  data. 

1.4  WORK  TO  BE  DONE 

The  less  rigorous  theoretical  approach  based  on 
simplified  models  of  the  flow  mechanism  appears  to  be  the 
most  promising  in  developing  more  reliable  design  equations. 

The  main  deterrent  is  still  the  lack  of  reliable  experimental 
instruments  for  measuring  the  conditions  from  point  to  point 
in  the  flow  section.  Velocity  and  concentration  variations 
undoubtedly  are  the  most  important  of  these  variables  and 
an  accurate  measurement  of  the  difference  or  ’‘slip*’  velocity 
between  fluid  and  solids  would  constitute  a  major  break-through 
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in  this  field.  More  general  use  of  radiation  techniques 
in  recent  years  has  led  to  development  of  instruments  ca¬ 
pable  of  measuring  densities  in  a  flow  section  without  dis¬ 
turbing  the  flow  pattern*  Measurement  of  velocity  variations 
in  a  slurry  is  a  much  more  formidable  problem*  Shook  and 
Daniel  (196*+)  are  currently  using  the  gamma-ray  technique 
for  measuring  concentration  gradients  in  a  1  "  x  4"  closed 
rectangular  channel*  They  also  developed  a  technique  for 
measuring  the  variation  of  mixture  velocity  over  the  flow 
section* 

To  the  best  of  the  authors  knowledge,  no  reliable 
investigation  of  the  concentration  gradient  in  horizontal 
pipelines  has  yet  been  carried  out*  Undoubtedly  such  an  in¬ 
vestigation  will  lead  to  a  better  understanding  of  the  trans¬ 
port  mechanism  than  has  hitherto  been  possible* 

1*9  SCOPE  OF  INVESTIGATIONS 
PART  A 

It  appeared  desirable  to  study  the  concentration 
gradient  and  its  associated  bed  condition  close  to  the  critical 
deposit  region  as  a  first  step  in  a  research  program  in  which 
development  of  the  gamma-ray  instrument  would  take  up  a  major 
portion  of  the  time*  A  thin-walled  4M  test  pipe  was  chosen 
as  the  smallest  size  which  would  have  a  sufficiently  long  path 
length  close  to  the  wall  to  give  meaningful  readings  in  this 
area*  The  solid  type  was  limited  to  an  easily  obtainable 
silica  sand  of  consistent  size  distribution  in  the  range  30  to 
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100  mesh  (median  diameter  0„3 55  mm).  The  basic  objectives 
were  to  attempt  to; 

(i)  classify  the  flow  regimes  by  their  concentration 
gradients , 

(ii)  formulate  simplified  models  of  the  flow  mechanism 
based  on  the  information  gained, 

(iii)  test  the  validity  of  these  models  with  the  test 
data. 

Delays  in  delivery  of  the  gamma-ray  instrument  and 
in  obtaining  a  licence  from  the  Federal  Health  authorities 
for  the  use  of  a  radio-active  source  in  the  Hydraulics  Lab¬ 
oratory  curtailed  the  scope  of  the  concentration  gradient  in¬ 
vestigation. 

Calibration  of  the  instrument  was  carried  out  in 
November  196*+  and  the  test  runs  were  made  during  December 
1964, 

PART  B 

PART  B  is  not  directly  related  to  PART  A  and  is  a 
separate  investigation  of  an  observation  by  Ansley  (1963) 
that  there  is  a  so-called  boosting  effect  in  transport  ca¬ 
pacity  when  a  clay  suspension  up  to  a  certain  clay  concen¬ 
tration  is  used  as  the  carrying  fluid.  The  present  invest¬ 
igation  used  the  Rheological  data  obtained  by  Ansley  in  an 
attempt  to  explain  this  boosting  effect  and  optimum  clay  con¬ 
centration. 

It  was  decided  to  investigate  the  phenomenon  in  as 
simple  a  system  as  possible,  i.e.  a  study  of  the  settling 
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behaviour  of  single  particles  in  a  stationary  clay  suspension. 
The  high  turbidity  of  the  clay  suspension  necessitated  develop¬ 
ment  of  an  electrical  technique  to  replace  visual  observation 
of  settling  particles.  This  experimental  work  was  carried  out 
during  the  summer  of  1964  concurrently  with  development  work 
on  the  gamma-ray  instrument  and  preparation  of  the  4”  pipeline 
system. 


CHAPTER  II 


EXPERIMENTAL  PROGRAM 

This  chapter  describes  the  experimental  equipment 
and  discusses  calibration  of  the  instruments. 

2.1  GENERAL  DESCRIPTION  OF  FOUR  INCH  TEST  PIPE  INSTALLATION 

A  sketch  of  the  experimental  apparatus  can  be  seen 
in  FIGURE  II-1  entitled  "Flow  Diagram** . 

The  basic  concept  of  this  equipment  is  to  provide 
a  circulating  system  capable  of  handling  dense  slurries  of 
solids  in  water.  The  capacity  of  the  existing  test  unit  in 
the  hydraulics  laboratory  was  increased  to  accommodate  a  100 
feet  long,  4"  diameter  horizontal  test  pipe  in  which  the 
density  gradients  were  measured.  A  4"  diameter  thin  walled 
aluminum  test  pipe  was  selected  as  the  smallest  size  to  pro¬ 
vide  a  gamma  ray  absorption  path  of  sufficient  length  to  give 
the  desired  accuracy  in  the  region  immediately  above  the  pipe 
floor. 

This  unit  has  a  circulating  capacity  of  approximately 
450  USGPM  and  is  considered  to  be  a  large  test  unit.  Con¬ 
siderable  effort  has  been  made  to  ensure  operating  stability 
and  adequate  control  of  operating  variables  as  well  as  minimiz¬ 
ing  the  problems  involved  in  starting  the  unit  up  and  shutting 
it  down.  The  magnitude  of  operating  problems  are  best  under¬ 
stood  when  it  is  borne  in  mind  that  the  sand  holdup  in 
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circulating  tanks  and  complete  plugging  of  lines  at  low  flow 
rates  must  be  continually  guarded  against. 

Operability  of  the  unit  was  greatly  improved  by  in¬ 
stallation  of  a  6"  cyclone  above  the  weigh  tank.  Solids 
could  be  separated  from  the  circulating  system  in  a  short  time 
and  stored  as  a  dense  mixture  (75  weight  %  sand)  in  the  weigh 
tank.  These  solids  could  be  reintroduced  simply  by  diverting 
part  of  the  circulating  stream  into  the  weigh  tank,  turning 
on  the  mixer  and  transferring  the  suspension  to  the  circulat¬ 
ing  tank  via  the  air  lift.  The  air  lift  proved  to  be  a  simple 
and  reliable  way  of  transferring  dense  slurries  from  the  weigh 
tank  to  the  circulating  tank. 

Another  useful  feature  of  this  design  is  that  the 
test  line  can  fairly  well  be  cleared  after  shut-down  by  back 
pressuring  it  with  air  thus  blowing  the  fluid  back  into  the 
circulating  tank.  All  these  features  enabled  the  unit  to  be 
operated  by  one  man. 

The  circulating  flow  rate  is  controlled  by  setting 
the  valve  in  the  circulating  line  and  is  measured  by  a  mag¬ 
netic  flow  meter  and  continuously  recorded.  This  unit  is  not 
used  for  absolute  flow  rate  determination  but  only  as  an 
instantaneous  and  continuous  approximate  flow  guide  during 
operation.  The  flow  rate  is  determined  by  deflecting  the  dis¬ 
charge  stream  into  the  weigh  tank  over  a  measured  time  inter¬ 
val.  The  pressure  gradient  along  the  test  section  is  con¬ 
tinuously  recorded  by  a  differential  pressure  instrument.  A 
manometer  is  used  as  a  check  on  the  instrument.  The  temperature 
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at  the  entrance  to  the  test  section  is  continuously  recorded 
and  a  cooling  coil  in  the  circulating  tank  maintains  the 
system  close  to  room  temperature.  An  additional  dial  ther¬ 
mometer  indicates  the  temperature  in  the  circulating  tank. 

The  gamma  ray  instrument  scans  the  vertical  and  horizontal 
flow  sections  and  the  amplifier  signal  is  recorded  on  an 
X-Y  plotter  together  with  the  signal  indicating  the  scanner 
position.  General  details  of  the  installation  are  shown  in 
PLATES  II-1  to  6. 

2.2  PUMPS 

The  two  4"  x  2i"  Wilfley  centrifugal  sand  pumps 
are  equipped  with  mechanical  seals  and  driven  at  1760  RPM  by 
15  HP  motors.  Initially  considerable  trouble  was  experienc¬ 
ed  with  air  entrainment  through  these  seals  but  it  was  found 
that  this  problem  was  associated  with  worn  seal  rings.  The 
pumps  have  a  maximum  water  capacity  of  225  USGPM  each  at  a 
discharge  pressure  of  40  psi  and  suction  head  of  3  to  6  feet. 
FIGURE  II-2  shows  details  of  the  air  lift  pump. 

2.3  GENERAL  TANKS.  PIPING  AND  VALVES 

Dimensions  of  the  weigh  tank  and  circulating  tank 
are  given  in  FIGURE  II-1 .  PLATE  II-1  shows  the  top  view  of 
these  together  with  the  cyclone,  mixer,  weigh  beam,  air  lift 
and  discharge  piping.  The  tanks  are  of  rectangular  steel 
construction  and  are  described  by  Ansley  (1963)  and  Howard 
(1962).  The  height  of  the  circulating  tank  was  increased 
when  it  was  found  that  free  fall  of  the  discharge  stream 
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contributed  to  air  entrainment.  In  the  final  layout  the  cir¬ 
culating  tank  was  operated  at  a  level  of  5  feet  from  the 
bottom  with  only  the  2  feet  of  free  fall  required  for  the 
sampling  device.  The  circulating  tank  also  contains  a  1" 
copper  cooling  coil  12”  in  diameter  and  containing  8  turns. 

The  city  water  supply  entering  this  coil  at  50  to  60°  F  re¬ 
moved  sufficient  heat  to  maintain  the  fluid  temperature  with¬ 
in  5°  F  during  a  test  run.  Without  this  cooling  the  fluid 
temperature  would  rize  to  100°  F  within  a  one  to  two  hour  per¬ 
iod.  All  the  pump  suction  and  discharge  piping  including  the 
flow  meter  pipe  is  schedule  40  steel  pipe  with  flanged  and 
welded  fittings.  The  cyclone  mounted  on  the  weigh  tank  is 
connected  with  a  removable  2”  neoprene  hose  so  as  not  to  inter¬ 
fere  with  weighing  accuracy. 

The  weigh  tank  is  mounted  on  a  5000  lb  Fairbanks  - 
Morse  scale  measuring  to  one  half  pound  increments.  The  scale 
and  weights  were  checked  and  calibrated  by  the  manufacturer  at 
frequent  intervals  during  the  testing  period. 

A  3/4  HP,  440  RPM  Lightning  Mixer  with  one  6”  diameter 
propeller  was  suspended  from  a  hoist  above  the  weigh  tank  and 
could  be  lowered  onto  a  supporting  framework  after  each  weigh¬ 
ing. 

Four  types  of  valves  were  used.  Pump  suction  and 
discharge  were  steel  plug  valves  with  grease  ports  in  the  plug. 
The  circulating  line  contained  a  neoprene  rubber  pinch  valve. 

A  3"  "Saunders"  neoprene  diaphragm  is  located  at  the  entrance 
to  the  test  section.  At  low  flow  rates  this  valve  was  used 


24 

to  throttle  the  flow.  Two  4 11  butterfly  valves  with  neoprene 
O-rings  and  actuated  by  a  common  lever  arm  enabled  instant¬ 
aneous  deflection  of  the  discharge  stream  into  either  the 
weigh  tank  or  circulating  tank. 

2.2.4  FOUR  INCH  TEST  PIPE 

The  100  feet  of  aluminum  test  pipe  has  an  average 
internal  diameter  of  3 •916",  a  wall  thickness  of  0.048"  and 
is  mounted  on  wooden  brackets  supported  from  the  dexion  frame 
work.  (See  PLATE  II-3).  There  was  some  concern  that  these 
brackets  were  not  rigid  enough  but  frequent  checks  with  a 
precision  level  showed  no  sagging  at  all.  The  return  line 
consists  of  a  4"  plastic  pipe.  The  pipe  internal  diameter 
was  checked  at  several  locations  after  about  40  hours  of  op¬ 
eration.  Although  pipe  wear  was  apparent  from  discoloration 
of  the  fluid  after  several  hours  of  operation  no  change  in 
average  pipe  diameter  could  be  detected.  Fresh  water  was  used 
each  day  to  prevent  accumulation  of  erosion  products  in  the 
system.  The  magnetic  flow  tube  is  located  in  a  section  of 
steel  pipe  2  feet  upstream  of  the  4”  test  pipe.  (See  PLATE 
II-4 ) . 

The  test  section  is  comprised  of  three  test  sections 
joined  with  "dresser"  couplings.  Care  was  taken  to  accurately 
match  the  joining  ends  so  as  to  give  a  smooth  transition. 
Sixteen  piezometer  orifices  equally  spaced  at  40n  intervals 
are  located  6  feet  downstream  of  the  3”  throttle  valve.  It 
was  originally  intended  to  measure  the  pressure  gradient  over 
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all  or  several  of  these  locations.  This  was  done  during  the 
initial  tests  but  later  readings  were  taken  only  over  a  600n 
length  comprising  the  second  and  last  piezometer  orifices. 

FIGURE  I I -3  shows  details  of  the  pressure  taps  and  tubing 
leading  to  the  air  and  sediment  catch  pots.  A  10  feet  long 
pyrex  glass  section  located  at  the  far  end  of  the  test  line 
enabled  visual  observation  and  photography  of  the  different 
flow  phases.  (See  PLATE  II-6).  The  gamma  ray  scanning  in¬ 
strument  is  located  5  feet  upstream  of  the  glass  section  and 
is  bolted  firmly  to  the  floor.  (See  PLATE  II-5).  A  15  feet 
removable  pipe  section  enabled  the  instrument  to  be  located 
after  the  test  pipe  was  installed. 

2.2.5  FLOW  MEASUREMENT 

The  flow  rates  for  water-solid  mixtures  were  de¬ 
termined  by  instantaneously  diverting  the  discharge  stream 
into  the  weigh  tank  for  usually  a  minimum  period  of  10  sec¬ 
onds,  thereby  accumulating  approximately  100  to  600  lbs  of 
slurry.  An  electric  stop  watch  measuring  to  the  nearest 
tenth  of  a  second  and  mounted  at  the  common  valve  arm  enabled 
the  operator  to  obtain  an  accurate  time  measurement.  The  2 
to  3  ft  drop  of  level  in  the  circulating  tank  did  not  affect 
the  flow  rate  as  indicated  by  a  steady  flow  meter  reading 
during  the  diversion  time. 

The  magnetic  flow  meters  were  calibrated  and  found 
to  be  reliable  with  clear  water  but  calibration  with  different 
water-solid  concentrations  indicated  that  they  would  not  be 
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accurate  enough  for  these  tests  *  The  3"  meter  proved  to  be 
most  useful  and  reliable  in  providing  instantaneous  relative 
flow  rates  during  test  conditions.  These  units  manufactured 
by  the  Foxboro  Instrument  Company  consist  of  a  non-magnetic 
flow  tube  (neoprene  or  fiberglass)  subjected  to  the  magnetic 
field  of  110  volt  field  coils.  A  conducting  fluid  passing 
through  this  field  generates  a  milli-volt  signal  which  is 
proportional  to  the  fluid  flow  rate  and  is  picked  up  by  a 
pair  of  electrodes  in  the  pipe  wall,  amplified  and  recorded 
in  a  "Dynalog"  unit.  A  simplified  flow  circuit  of  this  in¬ 
strument  is  shown  in  FIGURE  II-4.  A  typical  recorder  chart  is 
shown  in  FIGURE  11-5°  The  Dynalog  circuit  can  be  set  to  give 
full  scale  deflection  over  a  wide  range  of  flows.  The  cal¬ 
ibration  results  with  water  and  water-sand  mixtures  are  given 
in  APPENDIX  B-l  and  also  shown  in  FIGURE  II-6  and  FIGURE  II-7. 

2.6  PRESSURE  GRADIENT  MEASUREMENT 

The  bulk  of  the  pressure  gradient  readings  were 
taken  with  the  system  as  shown  in  FIGURE  II— 1 .  Pressure  taps 
are  mounted  at  an  angle  of  45°  to  the  side  of  the  pipe  to 
minimize  plugging.  Each  clamp  was  secured  on  the  outside  of 
the  pipe  after  which  a  in  diameter  hole  was  drilled  through 
the  packing  and  pipe  wall,  taking  care  not  to  leave  burrs  on 
the  inner  wall.  A  sediment  and  air  catch  pot  is  mounted  above 
each  pressure  tap  with  the  interconnecting  3/8”  plastic  tubing 
as  straight  as  possible  between  the  two  locations.  All  catch 
pots  were  levelled  with  a  precision  level.  The  pressure  tubes 
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from  the  two  pots  are  connected  to  similar  pots  on  the  in¬ 
strument  board.  These  pots  are  independently  connected  to  a 
0-200m'  water  Honeywell  differential  pressure  cell  (DP  -  Cell), 
a  60"  glass  U-tube  manometer  and  to  a  back  pressure  cell  which 
provides  f lourescien-dyed  water  to  the  pressure  taps.  A  line 
between  the  two  catch  pots  permits  the  pressures  to  be  equal¬ 
ized  and  the  instrument  to  be  checked  at  zero  differential. 

The  DP  -  cell  is  supplied  with  15  psi  instrument  air 
and  can  be  set  to  give  a  3  to  15  psi  output  signal  for  diff¬ 
erential  pressures  from  20"  to  200n  of  water.  This  output 
signal  is  recorded  on  a  4"  wide  strip  chart.  A  typical  un¬ 
dampened  recorder  chart  is  shown  in  FIGURE  II-8.  This  instru¬ 
ment  gave  reliable  results  in  the  high  pressure  drop  ranges 
(50"  to  100"  of  water)  but  proved  to  be  unreliable  for  the 
low  differential  pressures  frequently  encountered  over  the 
600"  test  section  at  the  low  flow  rates.  Although  the  unit 
is  claimed  to  be  accurate  in  the  0"  to  20"  water  range  it  was 
not  specifically  designed  to  operate  in  this  range  and  fre¬ 
quent  calibrations  were  required.  It  is  also  quite  possible 
that  better  performance  would  have  resulted  if  the  unit  had 
been  relocated  half  way  between  the  pressure  taps  with  high 
and  low  pressure  connections  of  equal  length.  More  reliance 
was  placed  in  the  simpler  manometer  which  was  used  with  water 
over  Carbon  Tetracholoride  (SG  «  1.595)  in  the  low  ranges  and 
with  water  over  Bromoform  (SG  =  2.872). 

Instantaneous  differential  pressure  readings  in 
fluidized  solids  flow  are  subject  to  fluctuations  especially 
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in  the  high  solids  concentration  region,.  Very  little  has 
been  said  about  this  in  literature  and  it  is  generally 
accepted  that  an  average-steady  state  condition  prevails . 

This  approach  appears  reasonable  when  it  is  considered  that 
any  one  condition  can  be  maintained  for  long  periods  at  a 
time  and  this  condition  can  also  constantly  be  reproduced. 

Good  average  differential  pressure  readings  were  obtained  by 
closing  down  on  the  needle  valves  on  the  manometer  tubes. 

Each  set  of  readings  was  preceeded  by  back-flushing  the  pre¬ 
ssure  taps  and  testing  the  air  bleed  valves  on  the  catch  pots 
to  remove  any  accumulated  air. 

2  »_2  TEMPERATURE  MEASUREMENT 

A  1"  thermometer  well  located  immediately  downstream 
of  the  magnetic  flow  meter  and  protruding  into  the  pipe  con¬ 
tains  a  gas-filled  bulb  which  is  the  sensing  element  of  a 
"Foxboro”  Temperature  Transmitter.  This  unit  transmits  a  3 
to  15  psi  signal  to  a  recording  instrument  with  a  4"  chart 
reading  from  0  to  250°  F.  This  provided  a  continuous  temp¬ 
erature  record  during  the  test  runs.  Another  gas-filled  bulb 
dial  thermometer  is  located  in  the  circulating  tank  and  was 
used  as  a  check  on  the  recorded  temperature.  No  discrepancy 
was  ever  observed  between  the  two  instruments.  The  cooling 
coil  heat  exchange  capacity  was  somewhat  marginal  and  a  rise 
of  approximately  5°  F  occurred  during  test  runs.  This  was 
not  considered  too  serious  since  the  fluid  properties  were 
taken  at  the  actual  test  temperature. 
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2,8  CONCENTRATION  GRADIENT  MEASUREMENT 

Daniel  (1963)  discusses  the  various  techniques  for 
concentration  gradient  measurement.  These  are  briefly 
summarized  below. 

Danel  (1939),  Howard  (1939),  Vanoni  (1946),  Ismail 
(1952)  and  others  have  made  concentration  gradient  measurement 
by  withdrawing  samples  from  the  flow  sections.  This  method 
has  the  serious  drawback  of  disturbing  the  flow  pattern  by 
insertion  of  a  sampling  probe  and  results  of  such  studies  will 
therefore  always  be  suspect.  Durand  (1951 )  and  Halbronne  (195D 
measured  concentration  gradients  by  an  electrical  conductivity 
technique.  Calibration  difficulties  appeared  to  have  been 
formidable,  probably  because  of  the  sensitivity  of  the  reading 
to  changes  of  the  electrode  surfaces.  Shook  (I960)  used  a 
flow  splitting  device  at  the  discharge  end  of  a  channel  but 
found  it  to  have  rather  poor  accuracy.  Daniel  and  Shook  (1963) 
have  been  using  a  narrowly  collimated  beam  of  gamma  rays  to 
determine  the  vertical  concentration  gradient  in  a  horizontal 
rectangular  flow  section. 

This  method  has  the  advantage  of  not  causing  any 
flow  disturbance  but  also  the  disadvantage  of  giving  an  aver¬ 
age  value  of  energy  attenuation  along  its  path.  Irregular 
concentration  profiles  can  therefore  not  be  detected  in  any 
one  scanning  direction,  and  relating  the  degree  of  attenuation 
to  a  concentration  also  requires  an  accurate  knowledge  of  the 
path  length.  These  factors  become  more  complicated  when 
dealing  with  a  circular  flow  section  and  it  was  realized  that 
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some  accuracy  would  have  to  be  sacrificed.  It  still  appeared 
to  be  the  most  promising  approach  since  reliable  measurement 
of  the  average  concentration  gradient  in  a  vertical  plane 
would  constitute  a  substantial  contribution  to  the  present 
state  of  knowledge o 

2.9  GAMMA-RAY  SCANNER:  GENERAL  DESCRIPTION 

Gamma-ray  instruments  are  used  extensively  in  in¬ 
dustry  as  density  gauges  and  level  indicators  at  fixed  lo¬ 
cations  .  The  radioactive  source  is  usually  Cesium  -  137 . 
Gamma-ray  intensity  is  measured  either  by  a  scintillation- 
counter  system  or  by  an  ionization  chamber,  both  of  which 
emit  electrical  pulses  proportional  to  the  intensity  of  the 
incident  radiation. 

It  was  originally  intended  to  develop  an  instrument 
capable  of  measuring  specific  gravities  in  the  range  1.000 
to  2.000  ±  0.005  in  a  minimum  path  length  of  2"  and  having  an 
overall  response  time  of  1  second,  since  it  was  hoped  that 
bed  movement  rates  could  be  detected  and  measured  by  such  an 
instrument.  The  specifications  necessitated  using  a  high 
intensity  Cesium  source  and  involved  counting  rates  exceeding 
the  maximum  limit  of  conventional  scintillation-counter 
systems.  The  ionization  chamber  seemed  to  be  a  more  flexible 
system  and  was  claimed  by  the  manufacturer  to  be  capable  of 
response  times  of  1  second  if  used  in  combination  with  a  2 
Curie  Cesium  -  137  source  and  a  modified  low-capacitance 
amplication  circuit.  It  also  has  the  advantage  of  producing 
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GAMMA-RAY  SCANNER  -  HORIZONTAL  BEAM 
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GAMMA-RAY  SCANNER  -  VERTICAL  BEAM 
PLATE  11-8 


39 


H 

5 

u 

x 

o 

oc 

LU 

Z 

z 

< 

o 

(/) 


o 

T 


UJ 

£ 

z 

o 

Ll 


40 

an  analogue  output  signal  which  can  be  continuously  recorded. 

A  standard  Nuclear-Chicago  "Qualicon"  Model  5060  Density  Gauge 
was  modified  to  house  a  2  Curie  Cesium  Source  and  a  4”  long 
by  1/4"  diameter  inlet  collimating  aperture.  This  measuring 
head  together  with  ionization  chamber  and  amplifier  (Model 
5302)  was  bought  as  a  package  from  the  Nuclear-Chicago  Cor¬ 
poration.  These  components  are  shown  in  PLATES  II-7  and 
II-8.  The  amplifier  signal  is  recorded  at  0.2  Volts/inch  or 
0.5  Volts/inch  on  the  X-axis  of  a  Moseley  Model  2D  X-Y 
Plotter. 

The  unit  is  mounted  on  a  mechanical  scanning  mech¬ 
anism  shown  in  FIGURE  II-9.  The  Cesium-source,  inlet  coll¬ 
imating  block  and  shutter  mechanism  are  contained  in  a  single 
housing  which  is  bolted  onto  the  front  carriage  plate.  The 
collimating  block  and  a  "shut-off"  block  can  be  moved  in  front 
of  the  capsule  containing  the  Cesium  source  by  rotating  the 
shutter  mechanism.  A  4"  x  4"  x  4"  lead  block  containing  a 
1/4"  hole  along  its  axis  acts  as  outlet  collimator  and  is  bolt¬ 
ed  between  the  back  carriage  plate  and  the  ionization  chamber. 
It  is  rigidly  held  in  place  between  4”  wide  channels  by  a 
sulphur-fire  clay  mixture.  The  scanner  is  driven  at  0.415"/ 
minute  by  a  1/4  HP  3  phase  motor  through  a  300  to  1  double 
reduction  gearbox  and  shaft  containing  14  threads  per  inch. 

The  carriage  is  mounted  on  5”  ball  bearings  and  can  be  set 
at  any  angle  by  a  spur  gear,  pinion  and  handwheel  arrange¬ 
ment.  Level  glasses  allow  the  carriage  to  be  set  exactly  in 
the  horizontal  and  vertical  directions.  A  10  turn,  2000  ohm 
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"helipot*"  driven  from  the  carriage  shaft  and  connected  to  a 
constant  4  Volt  DC  Circuit  gives  a  signal  varying  linearly 
with  the  carriage  position  and  is  recorded  on  the  Y-axis  of 
the  Moseley  X-Y  Plotter.  Micro-switches  set  on  the  support¬ 
ing  structure  and  connected  to  a  ratchet  relay  circuit  in¬ 
stantly  reverses  the  motor  direction  when  they  are  tripped  at 
the  end  of  each  scan.  These  circuits  are  shown  in  FIGURE 
II -10.  This  unit  was  designed  and  built  in  the  Hydraulics 
workshop. 

2.10  PRINCIPLE  OF  INSTRUMENT  OPERATION 

A  simplified  block  diagram  (FIGURE  11-11)  demon¬ 
strates  the  principle  of  operation.  The  ionization  current 
developed  in  the  high  pressure  ionization  chamber  is  direct¬ 
ly  proportional  to  the  incident  radiation.  This  current  de- 
velopes  a  DC  voltage  across  a  high  meg  ohm  resistor.  (10^  to 
101 1  ohm).  The  Qualicon  instrument  is  essentially  an  extreme¬ 
ly  high  impedance  vibrating  reed  electrometer  capable  of  meas¬ 
uring  voltages  developed  across  this  high  meg  ohm  resistor. 

The  converter  unit  produces  a  sinusoidal  voltage  from  the 
impressed  DC  voltage.  This  AC  voltage  is  amplified  and  then 
compared  in  a  phase  sensitive  detector  to  a  reference  voltage. 
This  results  in  a  maximum  DC  signal  of  approximately  t  1  volt 
which  is  directly  proportional  to  the  original  voltage  develop¬ 
ed  across  the  high  meg  ohm  resistor  and  has  sufficient  power 
to  drive  the  panel  meter  and  associated  recorder.  Inverse  DC 
feedback  is  applied  across  the  ionization  chamber  and  high  meg 
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resistor  for  stability  and  linearity.  Adjustable  sensitivity 
and  ionization  current  suppression  for  adjusting  the  span  of 
the  instrument  is  also  provided,,  A  more  detailed  description 
of  the  electronic  circuit  is  given  in  Nuclear  Chicago  Bulletin 
712370  provided  with  the  instrument . 

2.11  THEORY  OF  GAMMA  RAY  ABSORPTION 

The  attenuation  of  parallel  gamma-rays  in  a  beam  of 
fixed  cross  sectional  area  is  governed  by  the  Lambert-Beer ' s 
Law  of  exponential  absorption  of  electromagnetic  radiation: 


(2.1) 


where  IQ  s  intensity  of  incident  radiation. 

I  -  intensity  of  transmitted  radiation, 
k  =  linear  absorption  coefficient  of  the  medium,  inches 
x  =  path  length  through  medium,  inches. 

This  does  not  account  for  attenuation  by  scatter. 

In  our  case  the  radiation  intensities  are  proportion 

al  to  a  DC  voltage,  fluctuating  through  *  1  volt.  EQUATION 

(2.1)  requires  a  range  of  voltages  of  equal  sign  decreasing 

from  a  maximum  value,  E0,  to  the  minimum  value,  E,  such  that: 
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(2.2) 


Such  a  range  of  values  was  found  by  experiment  to  be  1.7  volts 
to  3 .7  volts  and  involved  adding  2.5  volts  to  the  amplifier 
output  voltage. 

EQUATION  (2.2)  can  be  written  for  attenuation  in  an 
absorbing  medium  containing  more  than  one  type  of  material. 
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Attenuation  of  a  beam  passing  through  a  pipe  filled  with  water 


will  be  given  by: 


Eop  _  ekmxm  +  kwx 


.  (2.3) 


where  km,  kw  =  linear  absorption  coefficients  of  the  metal 

wall  and  the  water  respectively. 

and  xm,  x  =  path  lengths  of  beam  through  the  metal  and 

water  respectively. 

Taking  the  natural  logarithm  on  both  sides  results  in: 


.  .  .(2.4) 


The  preceeding  assumes  that  absorber  position  has  no  effect 
on  attenuation.  A  similar  relation  can  be  written  for  a  2 
component  sand-water  mixture  in  a  pipeline. 


In (^2)  =  kmxm  +  kwxw  +  ksxs 
E 


.  .  (2.5) 


where  ks  =  linear  absorption  coefficient  of  sand. 

Xs  =  path  length  occupied  by  sand. 
xw  =  path  length  occupied  by  water. 

If  EQUATIONS  (2.4)  and  (2.5)  refer  to  the  same  location  of 

the  beam,  the  overall  path  length  between  the  metal  walls 

will  be  the  same.  i.e. 


.  .  (2.6) 


X  =  xw  +  xs 


Also  for  a  narrow  beam  of  fixed  cross-sectional  area  the 
volume  concentration,  Cs,  of  solids  in  the  path  of  the  beam 
is  given  by: 


Cs  =  (i£)(100)  =  Xs  (100)  .  . 


X 


XS  +  Xw 


.  .  .(2.7) 
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The  term  xmkm  can  be  eliminated  from  EQUATIONS  (2.4)  and  (2.5) 
by  subtraction.  i.e. 

ln(^o)  -  ln(5°£)  =  kwxw  +  ksxs  -  k„x 
E  Ep 

=  ksxs  -  kw(x-xw) 

=  ksxs  “  kwxs 

=  xs(ks“kw)  from  EQUATION  (2.6) 

=  xC 3 ( kg  -  kw)/100  from  EQUATION  (2.7) 

or  Cs  =  100  ln(Eg  .  ?E)  /  x(ks  -  kw)  .  .  .  .  .  .(2.8) 

^op  ® 

If  the  signals  E0  and  E0p  proportional  to  the  intensity  of  in¬ 
cident  radiation  are  constant,  the  equation  becomes: 

Cs  =  100  ln(^E)  /  x ( kg  -  kw)  ........  .(2.9) 

E 

E0,  E0p,  Ep,  and  E  are  quantities  measured  by  the  gamma-ray 
instrument,  x  can  be  calculated  from  the  average  pipe  radius, 

R,  and  the  distance  from  the  pipe  center,  y  : 

x  =  2(R2  -  y2 )°” 5  ........  .(2.10) 

When  y  is  measured  as  a  chart  distance  a  correction  factor,  F, 
has  to  be  applied  to  convert  it  to  a  true  carriage  displace¬ 
ment  o  i  o  e  o 

x  =  2(R2  -  F2  •  y2 )° • 5  .....  (2.10.1) 

ks  and  kw  are  determined  by  calibration  and  by  application  of 
EQUATION  (2.2).  EQUATION  (2.9)  can  therefore  be  solved  for 
Cs  as  the  unknown. 

2.2.12  CALIBRATION  OF  GAMMA-RAY  INSTRUMENT 


EQUATION  (2.2)  was  verified  experimentally  using 
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first  water  and  then  sand  as  the  absorption  material .  The 
values  of  the  linear  absorption  coefficients  kw  and  ks  for 
sand  and  water  were  obtained  from  these  experiments.  The  val¬ 
ue  of  ky  was  then  checked  independently  by  scanning  first  the 
empty  pipe  to  obtain  values  of  xmkm  from  the  equation; 

lfr(_.2i£)  —  o  °  •  «  o  °  ®  ®  •  .(2.2.1) 

^m 

and  then  the  pipe  filled  with  water. 

EQUATION  (2.4)  -  (2.2.1)  solved  for  kw  results  in: 

E  E 

kw  =  in(-2£  o  -— -)  /  x  .  o  ....  (2.11) 
Ep  Eom 

Calculation  of  x  from  EQUATION  (2.10)  at  different  displace¬ 
ments  from  the  pipe  centerline  permits  calculation  of  kw  at 
the  corresponding  points. 

Values  of  kw  were  calculated  at  23  points  in  the 
horizontal  scan  direction  and  at  23  points  in  the  vertical 
scan  direction.  APPENDIX  B~3  describes  the  calibration  pro¬ 
cedure  and  lists  the  attenuation  values  in  sand  and  water. 

FIGURES  11-12  and  11-13  show  these  results  plotted  as  ln^£ 

E 

vs.  x^  and  xs  with  average  values  of  xw  =  0. 166/inch  and 
xs  =  0.433/incho  The  maximum  deviation  from  the  average  line 
in  FIGURE  11-12  occurs  at  the  high  and  low  x-values  indicat¬ 
ing  deviation  from  EQUATION  (2.2)  outside  this  range.  FIG¬ 
URE  11-13  does  not  show  this  trend  but  has  more  scatter  pro¬ 
bably  due  to  uneven  compacting  and  levelling  of  the  dry  sand 
in  the  test  cylinder. 
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DISTANCE,  INCHES 

GAMMA  ATTENUATION  IN  WATER 

FIGURE  !!-f2 
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(3/03)111 


GAMMA  ATTENUATION  IN  SAND 
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Effects  of  particle  size  and  location  in  the  beam 
have  been  investigated  by  Daniel  (1963)  and  it  was  shown  to  have 
a  negligible  effect  on  the  values  of  linear  absorption  coeff¬ 
icient. 

The  results  of  the  7  scanning  tests  of  the  pipe  with 
water  and  the  5  tests  of  the  pipe  wall  are  listed  in  APPENDIX 
B-3,  and  TABLES  B-3°3  to  B-3»9°  Typical  X-Y  recorder  charts 
of  these  tests  are  shown  in  FIGURE  II-14.  The  average  kw  val¬ 
ues  at  the  various  distances  from  the  pipe  center  are  given  in 
TABLE  II-l.  The  values  for  the  17  locations  -  1.6"  from  the 
center  line  and  having  path  lengths  greater  than  2.20"  appeared 
to  be  fairly  consistent  and  were  averaged,  yielding  a  value 
k^.  =  0c  165/inch.  kw  values  for  the  8  points  having  path  lengths 
less  than  2.22  inches  differed  considerably  from  this  average 
value,  probably  because  of  the  increased  angle  of  the  pipe  wall 
with  the  gamma-beam. 

The  kw  value  of  0. 166/inch  obtained  by  direct  cal¬ 
ibration  was  considered  to  be  more  accurate  than  the  value  of 
0.165  which  was  derived  from  a  larger  number  of  experimental 
quantities.  The  two  values  nevertheless  still  only  differ  by 

0 .7%. 

Solids  concentrations  at  the  17  points  closest  to 
the  pipe  center  were  calculated  from  the  EQUATION  (2.8)  after 
substitution  of  the  value  of  ks  -  kw  =  0.433  ”  0.166  =  0.26 7. 

i.e.  Cs  =  100  ln(£2_  •  Ee)  /  0.267x  .  .  .  (2.12) 

Eop  E 

Linear  absorption  coefficients  for  sand  and  water  are 
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approximately  related  by: 

ks  ps  2.64 

_ 

kw  P  y  1  O  0 


.  o  .(2.13) 


The  actual  experimental  ratio  was: 


kw 


OA33 

0  o  166 


=  2.61 


(2.14) 


In  the  absence  of  a  reliable  technique  of  determining  the 
value  of  ks  in  this  section  of  the  pipe,  the  equation; 

ks  *  kw  =  2o6l  kw  -  kw  =  1.61  kw  .  .(2.15) 


was  used 


The  solids  concentration  could  then  be  calculated 
from  EQUATION  (2.8)  with  the  appropriate  value  of  kw  taken 
from  TABLE  II-l.  i.e. 

Cs  =  100  ln(!^  .  £p)  /  i.6l  kwx  .  .(2.16) 

Eop  E 


2.13  RANDOM  VARIATION  OF  GAMMA-RAY  OUTPUT  SIGNAL; 

RESPONSE  TIME  AND  SCANNING  SPEED 

The  random  emission  rate  of  the  radio-active  source 
necessitates  that  the  average  value  of  the  recorded  signal  be 
taken  over  a  certain  time  period.  A  time  recording  of  the 
signal  was  made  at  1„5  inches/minute  at  an  increased  recorder 
sensitivity  (50  mv/inch).  Point  values  were  taken  from  this 
graph  and  the  standard  deviation  calculated  for  consecutive 
20  second  intervals  for  a  total  elapsed  time  of  2  minutes. 
None  of  the  averages  differed  from  the  2  minute  average  by 
more  than  0.33%.  The  maximum  standard  deviation  in  any  one 
20  second  interval  was  0.31$.  The  scanning  speed  had  to  take 
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TABLE  II-1 

AVERAGE  VALUES  OF  ABSORPTION  COEFFICIENT  kw 


FROM  PIPE  SCANNING  TESTS 


Location 

Inches 

from 

Chart 

Center 

Line 

Path 

Length 

Inches 

xw 

Horizon 

ital  Scans 

Vertical  Scans 

Aver¬ 

ages 

Overall 

Average 

Std 

Dev 

Top 

Half 

Bottom 

Half 

North 

Half 

South 

Half 

0 

3-916 

.1637 

.1629 

.1633 

o.5 

3-893 

.  1665 

.1631 

.  1646 

.  1646 

.1647 

loO 

3.832 

.1639 

.  1636 

.  1646 

.1626 

.1637 

1.5 

3.724 

.1644 

.1643 

.1645 

.1653 

.  1646 

2.0 

3.568 

.1639 

.1636 

.  1664 

.1657 

.1649 

2.5 

3-367 

.1651 

.1638 

.1659 

.1650 

.1649 

3*0 

3.038 

.1670 

.  1666 

.  1686 

.1682 

.1676 

3.5 

2.714 

.1645 

.1652 

.1676 

.1635 

.1656 

4.0 

2.220 

.1649 

.1645 

.1683 

.1618 

.1649 

.1649 

4,3 

1.820 

.1613 

.1619 

.1619 

.1561 

.1603 

.1605* 

.0044 

4.5 

1.472 

.1521 

.1521 

.1480 

.1372 

.  1473 

.1495* 

o0070 

4.7 

0.985 

.1237 

.1127 

.1408 

.1275 

I 

[ 

.1261 

.1242* 

.0159  * 

11 

1 

1 

*  Overall  average  of  individual  tests. 
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into  account  both  the  length  of  time  required  to  give  a  good 
statistical  average  at  one  position  and  the  response  time  of 
the  instrument.  The  latter  was  found  by  observation  to  be  5 
to  10  seconds.  A  total  time  of  30  seconds  would  therefore  be 
required  to  obtain  the  average  value  at  an  instantaneous 
change  of  density.  A  first  approximation  of  the  scanning 
speed  was  a  full  beam  diameter  (1/4”)  displacement  in  approx¬ 
imately  30  seconds,  i.e.  0.5'Vminute.  A  slightly  slower 
speed  of  0.415’Vminute  resulted  from  practical  considerations 
and  was  found  to  give  good  reproducible  curves.  APPENDIX 
FIGURE  B— 4  shows  the  time  recording  of  the  output  signal  at 
50  mv/inch  and  0.2  volt/inch.  TABLE  B-4  lists  the  values  and 
standard  deviations  of  this  signal. 

2.14  PIPE  DIAMETER.  CARRIAGE  DISPLACEMENT.  CHART  DISTANCES 

The  path  length,  x,  is  calculated  from  the  mean  pipe 
diameter  and  distance  from  the  pipe  centerline  (y)  according 
to  EQUATION  (2.10.1).  This  involves  locating  the  pipe  center- 
line  on  the  chart  and  relating  distances  from  the  centerline 
to  true  displacements  of  the  beam.  The  pipe  inside  diameter 
was  taken  at  36  points  at  the  gamma-test  section  with  a  feeler- 
gauge  and  was  shown  to  be  slightly  oval  in  cross-section  but 
not  sufficiently  so  to  prevent  using  an  average  diameter. 

TABLE  B-5  lists  the  readings  averaging  3 •916”  -  0.015”. 

The  total  carriage  displacement  between  the  limit 
switches  was  measured  by  micrometer  during  several  test  runs 
and  compared  with  the  corresponding  chart  distances  between 
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the  reversal  points  which  constitute  the  extremities  of  the 
recorded  line  on  the  x-axis.  Prior  to  this  the  helipot  in 
the  constant  DC  voltage  supply  circuit  was  set  to  approximate¬ 
ly  give  a  chart  displacement  2.5  times  that  of  the  true  carr¬ 
iage  displacement.  The  chart  distances  could  therefore  be 
measured  directly  to  the  nearest  .005  inch  on  a  precision 
scale.  APPENDIX  TABLE  B-6  lists  these  measurements  together 
with  the  measurements  from  the  chart  centerline  to  the  revers¬ 
al  points.  The  factor,  F,  converting  chart  distances  was 
found  to  have  an  average  value  of  1.008. 

The  center  of  the  chart  in  each  case  was  located  by 
bisecting  the  x-distance  of  the  recorded  curve  at  several 
locations  and  drawing  a  vertical  line  through  these  points. 

This  procedure  gave  remarkably  consistent  results  as  evidenced 
by  the  close  agreement  of  the  readings  obtained  in  TABLES 
B-3.4  to  3«9» 

A  further  check  by  physical  measurement  confirmed 
the  reliability  of  this  procedure.  The  scanner  carriage  was 
stopped  at  the  top  reversal  point  and  a  precision  1/4”  diameter 
steel  shaft  was  inserted  in  the  back  collimating  hole  so  that 
it  extended  over  the  top  of  the  pipe.  The  distance  between 
the  shaft  and  top  of  the  pipe  was  measured  with  a  feeler- 
gauge.  The  pipe  centerline  location  obtained  by  adding  the 
pipe  wall  thickness  and  radii  of  the  shaft  and  pipe  compared 
well  with  the  chart  measurements  of  the  same  distance.  These 
readings  are  given  in  APPENDIX  TABLE  B -7. 
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2.15  SAMPLING  OF  SOLIDS  IN  CIRCULATING  STREAM 

The  average  concentration  of  solids  being  transport¬ 
ed  was  determined  by  taking  samples  from  the  stream  entering 
the  circulating  tank.  A  sampling  device  was  devised  by  which 
relatively  small  representative  samples  could  be  taken.  FIG¬ 
URE  11-15  is  a  sketch  of  this  sampler.  It  consists  of  an 
approximately  1/4”  wide  x  12,#  long  slot  formed  between  two 
parallel  thin-walled  sheet  metal  plates.  The  inside  narrow 
wall  slopes  at  60°  towards  a  1/2"  inside  diameter  pipe  which 
is  connected  to  a  similar  pipe  in  the  tank  wall  by  a  "tygon*1 
tube.  All  the  sides  and  tubing  have  a  minimum  slope  of  60° 
to  the  horizontal  so  as  to  minimize  solids  hold  up.  The  sam¬ 
pler  collects  a  20  to  30  oz  sample  when  moved  through  the 
fluid  stream  twice.  A  large  number  of  tests  were  made  at  two 
solid  concentrations  to  determine  the  reliability  of  the  sam¬ 
pler.  The  results,  given  in  APPENDIX  B-8  show  low  standard 
deviations  under  the  conditions  tested,  i.e.  84.9  -  1.9 
weight  %  water  and  61.4  -  1.2  weight  %  water  at  a  flow  rate 
of  20  lb/second.  At  high  flow  rates  care  had  to  be  taken  to 
move  the  sampler  through  the  stream  at  such  a  rate  that  no 
fluid  spilt  over  the  edges. 

2.16  SAND  USED  IN  TESTS 

Ottawa  sand  conforming  to  ASTM  C-109  specifications 

was  the  only  type  of  solids  used  in  these  tests.  The  specified 

sieve  analysis  of  this  sand  is  given  below; 

+100  Mesh  98  -  2% 

+  50  Mesh  72  ±  5% 

+  30  Mesh  2-1$ 
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Several  sieve  analyses  were  carried  out  on  the  material  as 
received  which  confirmed  this  broad  classification.  A  typical 
analysis  over  narrower  size  fractions  is  given  in  TABLE  B-9 
and  the  results  as  plotted  in  FIGURE  11-16  show  a  median  di¬ 
ameter  (50%  finer  than)  of  0.355  mm.  A  frequency  plot  (FIGURE 
11-17)  as  recommended  by  Blench  (1952)  shows  a  fair  straight- 
line  fit  for  approximately  85%  of  the  material  in  the  larger 
size  ranges.  By  this  criterion  the  sand  can  be  regarded  as 
simulating  naturally-deposited  sands  found  in  canals  and  rivers. 
The  sand  particles  as  shown  in  PLATE  II-9  appear  well  rounded 
and  no  attempt  was  made  to  measure  the  geometric  properties. 

The  published  specific  gravity  of  2.64  is  a  well  accepted  fig¬ 
ure  for  this  silica  sand. 
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TYPICAL  GRAIN-SIZE  CURVE 
FIGURE  1 1— 1 6 
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PHOTO  -  MICROGRAPHS  OF  TEST  SAND 


SCALE 

M  M 
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CHAPTER  III 


EXPERIMENTAL  RESULTS 


3.1  GENERAL 

The  initial  phase  of  the  work  consisted  of  design¬ 
ing  an  operable  experimental  unit  and  in  selecting ,  purchasing 
installing  and  calibrating  the  necessary  instrumentation.  The 
final  test  unit  and  associated  equipment  have  been  described 
in  the  preceeding  chapter.  Instrument  calibration  has  also 
been  briefly  dealt  with  in  CHAPTER  II. 

This  chapter  outlines  the  data  collected  from  the  ex 
perimental  equipment  and  the  accuracy  of  the  data.  All  terms 
are  defined  and  listed  in  APPENDIX  A.  Original  test  data  and 
calculated  quantities  are  tabulated  in  APPENDIX  C. 

L2  CHRONOLOGY 

The  experimental  equipment  exclusive  of  the  gamma- 
ray  scanner  was  completed  during  the  summer  of  1964.  Pre¬ 
liminary  testing  of  the  unit  commenced  in  June,  1963  but  de¬ 
lays  in  delivery  of  the  gamma^ray  instrument  and  in  obtaining 
a  licence  from  the  Federal  Health  Authorities  for  operating 
this  instrument  postponed  final  installation  until  September 
1964.  Further  delays  were  caused  by  a  faulty  pre-amplifier 
section  of  the  n Qualicon”  system.  Final  calibration  was 
carried  out  during  November  1964  and  final  test  runs  were  made 
during  December  1964. 
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Iti  CLEAR  WATER  RUNS 

These  tests  were  carried  out  as  a  check  on  the  diff¬ 
erential  pressure  instruments  and  also  to  test  the  general 
operability  of  the  unit.  The  results  have  been  plotted  in 
FIGURE  III-1  and  tabulated  in  APPENDIX  C-1  as  friction  factor 
vs.  the  Reynolds  number  on  log-log  coordinates  which  is  a  con¬ 
venient  and  conventional  way  of  comparing  the  results  with 
those  of  other  workers.  The  straight  line  shown  is  a  plot  of 

the  Blasius  formula  f  =  P--^P  over  the  range  of  Reynolds 

Rei 

numbers  10^  to  10^.  As  can  be  seen  the  data  follow  the  Blasius 
line  quite  well.  Increased  scatter  in  the  lower  Reynolds 
numbers  is  due  to  the  increased  error  in  reading  the  small 
differential  pressures  from  the  manometer  or  chart. 

1*4  SAND-WATER  RUNS 

1.4.1  OPERATING  PROCEDURE 

The  operating  procedure  consisted  of  circulating 
water  through  the  unit  at  a  high  rate  and  then  adding  the 
sand  contained  in  individual  50  lb  bags  to  the  circulating 
tank  until  the  desired  concentration  was  reached.  This  was 
most  conveniently  achieved  by  setting  the  gamma-ray  scanner 
in  the  vertical  position  over  the  pipe  centerline  and  calcul¬ 
ating  the  reading  required  for  a  desired  concentration.  A 
reasonably  close  check  could  usually  be  obtained  between  this 
reading  and  the  transport  concentration  by  the  sampling  and 
drying  procedure  providing  fully  suspended  flow  conditions 
prevailed. 


vO 
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CLEAR  WATER  FRICTION  FACTOR  -  REYNOLDS  NUMBER  PLOT 

FIGURE  III-I 


63 


A  period  of  approximately  15  minutes  was  allowed 
for  the  unit  to  reach  an  equilibrium  condition  before  any  read¬ 
ings  were  taken. 

The  gamma-ray  instrument  was  standardized  by  running 
the  horizontal  beam  above  the  pipe,  clamping  a  3/8”  thick  re¬ 
ference  plate  over  the  outlet  collimating  hole  and  adjusting 
the  amplifier  "standardize"  10-turn  helipot  to  give  a  recorder 
reading  of  2,59  volts.  The  scanning  motor  was  then  started  in 
the  ascending  direction  so  that  it  would  be  reversed  by  the 
top  limit  switch.  In  this  way  the  reversing  position  would  be 
marked  on  the  chart.  The  same  procedure  was  followed  for  the 
vertical  beam  which  was  standardized  with  the  reference  plate 
on  the  north  side  of  the  pipe  and  then  scanning  from  north  to 
south.  The  horizontal  scan  always  commenced  at  the  top  of  the 
pipe  because  there  was  some  concern  that  the  instrument  would 
not  respond  fast  enough  from  the  minimum  attenuation  in  air  to 
the  maximum  attenuation  in  a  dense  settled  sand  bed  at  the 
bottom  of  the  pipe.  Two  samples  were  taken  5  minutes  apart 
during  the  scanning  operation.  The  flow  rate  was  measured  by 
the  weigh  tank  procedure  after  completion  of  the  horizontal 
and  vertical  scans.  The  samples  were  then  weighed  to  the  near¬ 
est  0.05  gm  and  dried  in  an  oven  at  250°  F.  After  completion 
of  one  flow  condition  the  flow  rate  was  decreased  by  opening 
up  the  valve  in  the  by-pass  line  to  give  a  small  reduction  in 
flow  rate  as  evidenced  by  a  drop  in  both  the  magnetic  flow 
meter  and  differential  pressure  readings.  Headings  were  taken 
at  progressively  lower  flow  rates  through  the  critical  deposit 


64 


regime.  Several  tests  established  that  any  one  condition 
could  be  reproduced  by  simply  adjusting  the  flow  rate  to 
duplicate  the  flow  meter  reading  and  differential  pressure. 

3.4.2  TEST  CONDITIONS 

Test  conditions  were  confined  to  sand  transport 
concentrations  ranging  from  approximately  2  to  20  volume  % 
and  to  transport  rates  immediately  above  or  below  the  critical 
deposit  condition.  It  was  not  the  intention  to  collect  pressure 
gradient  data  over  a  wide  range  of  flow  rates  since  this  has 
been  adequately  covered  in  experimental  work  to  date. 

The  different  tests  are  most  conveniently  classified 
by  the  maximum  sand  transport  concentration  as  follows: 


TEST  SERIES  VOLUME  CONCENTRATION  OF  SAND 


122300  .  1-3 

122400  3-8 

123000  . . .  8-12 

123100  .  12-18 


These  test  numbers  were  used  to  identify  the  gamma-ray  record¬ 
er  charts  which  are  reproduced  in  APPENDIX  C.  23  point  values 
were  taken  from  each  chart  and  punched  on  IBM  cards  from  which  a 
computer  programme  of  EQUATIONS  2.10.1,  2.12  and  2.16  cal¬ 

culated  the  sand  concentration. 

All  other  readings  such  as  flow  rate  weighings  and 
time,  differential  pressure  readings  and  conversion  factor, 
temperature,  sample  weighings  before  and  after  drying,  were 
also  punched  on  IBM  cards  from  which  a  computer  programme  cal¬ 
culated  the  weight  flow  rate,  pressure  gradient,  volumetric 
flow  rate,  mean  velocity,  sand  transport  concentration  and 
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relevant  non-dimensional  numbers. 

APPENDIX  TABLE  C-2  lists  the  test  conditions  with 
the  values  of  the  above  variables  and  TABLE  C-3  lists  the  point 
concentrations  for  each  run.  The  concentration  profiles  are 
also  plotted  on  each  recorder  chart,  and  all  the  profiles  of 
each  series  are  shown  in  FIGURES  III-2  to  5*  They  are  further 
summarized  in  one  plot  in  FIGURE  III-6  to  facilitate  comparison 
of  the  different  test  conditions.  The  bed  condition  for  each 
test  is  summarized  under  the  categories  "no  bed",  "moving  bed", 
and  "fixed  bed".  An  attempt  was  made  to  further  classify  the 
moving  bed  according  to  the  type  of  bed  surface  and  "dune"  form¬ 
ation  but  this  was  abandoned  when  it  became  apparent  that  no 
significant  change  in  type  of  bed  movement  occurred  over  the 
range  of  test  conditions  in  the  critical  deposit  region.  The 
critical  deposit  condition  was  defined  as  that  condition  be¬ 
tween  fully-suspended  flow  and  a  moving  bed  where  slugs  of 
dense  sand  would  first  form  on  the  pipe  floor  and  then  be 
dissipated  after  travelling  a  short  distance.  This  condition 
could  be  classified  as  a  type  of  "slug"”  flow  in  the  bottom  of 
the  pipe.  The  moving  bed  was  identified  by  a  small  continuous 
ribbon  of  settled  sand  having  a  "peristaltic"  movement  along 
the  lowest  pipe  sector.  The  fixed  bed  was  stationary  at  the 
pipe  wall  but  had  a  moving  dune-like  interface  with  the  sus¬ 
pended  phase.  These  "dunes"  never  exceeded  to  i1'  in  height 
and  did  not  seem  to  move  in  a  well  defined  pattern  thereby 
precluding  any  quantitative  evaluation  of  their  behaviour.  It 
was  initially  hoped  that  the  gamma-ray  instrument  could  be 
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FIGURE  III-  2 
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used  to  identify  different  dune  geometries  and  velocities, 
but  several  attempts  indicated  that  concentration  fluxes  by 
dune  movement  were  blanked  out  by  the  5  to  10  second  response 
time  of  the  gamma-ray  instrument «,  The  majority  of  the  tests 
were  run  with  a  moving  bed  or  complete  absence  of  a  bed.  A 
few  tests  (FIGURE  111-4.2)  were  run  with  bed  depths  up  to 
3/4”  as  evidenced  by  concentrations  exceeding  45  Volume  %  in 
this  region.  In  the  remaining  "fixed  bed”  tests  the  bed 
height  never  exceeded  approximately  1/4”  in  deptho 

3,5  ACCURACY  OF  DATA 

3  o  5o 1  FLOW  MEASUREMENT 

The  weight  flow  rate  of  the  mixture  was  determined 
accurately  by  instantaneously  diverting  the  flow  into  the 
weigh  tanko  Some  repetitive  tests  were  done  at  low  flow 
rates  giving  standard  deviations  of  14.80  t  0o13  lb/sec  where 
the  measuring  time  exceeded  10  seconds  and  20.5  -  0.2  lb/sec 
where  the  measuring  time  was  6  to  7  seconds .  One  higher  flow 
rate  (43 .6  Ib/sec)  was  reproduced  by  duplicating  the  flow 
meter  reading.  The  two  weight  flow  rates  differed  by  only 
0.04  lb/sec  which  is  a  closer  agreement  than  would  normally 
be  expected.  The  time  could  be  measured  to  0.05  second  and 
from  this  the  weight  flow  rate  could  be  determined  to  the 
nearest  0.05  lb/sec  for  times  exceeding  10  seconds  and  to 
the  nearest  0.5  lb/sec  for  times  less  than  10  seconds.  In¬ 
spection  of  all  the  tests  showed  that  measuring  times  less 
than  10  seconds  prevailed  during  only  2  tests. 
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Standard  deviations  of  *  1%  and  *  2 . 5$ corresponding 
to  measuring  times  greater  and  less  than  10  seconds  were 
assigned  to  the  flow  rate  measurements „ 

1.9.2  PRESSURE  GRADIENT 

The  large  number  of  clear  water  tests  yielding  re¬ 
producible  results  was  regarded  as  sufficient  evidence  that 
the  instrumentation  was  reliable  and  accurate  to  ±  0*1"  of 
water o  The  manometer  could  be  read  to  0.05”  corresponding  to 
a  differential  pressure  of  0o09)+m  with  the  water  over  bromoform 
system.  Differential  pressure  fluctuations  with  sand-water 
mixtures  reduced  the  accuracy  to  ±  0.2"  of  water.  Total  diff¬ 
erential  pressures  during  the  test  runs  varied  from  approximate 
ly  18  to  60w  of  water  giving  errors  ranging  from  i  1 %  to  0.3^» 
Room  temperatures  varied  from  72°  F  to  77°  F  and  it  was  not  con 
sidered  necessary  to  make  a  temperature  correction  for  density 
changes  of  the  manometer  fluids 0  The  ^reagent  grade”  bromo¬ 
form  reacted  slowly  with  the  water  at  the  manometer  interfaces 
and  was  replaced  whenever  a  permanent  discoloration  developed. 
The  bromoform  was  entirely  contained  in  the  glass  U-tube  of 
the  manometer. 

1.9.2  TEMPERATURE 

Temperatures  could  be  read  to  0*9°  F  on  the  strip 
chart  or  dial  thermometer.  Specific  weights  and  kinematic 
viscosities  of  the  water  at  the  operating  temperature  were 
used  in  all  computations. 
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3.6.3  SAND  TRANSPORT  CONCENTRATION 

SECTION  2.2.15  dealt  with  the  sampling  procedure 

and  accuracy  of  sampling  at  relatively  low  flow  rates.  A 

good  measure  of  the  sampling  accuracy  during  the  test  runs  is 

given  by  the  root  mean  square  of  the  deviations  from  the 

average  for  each  pair  of  samples.  These  values  are  given  in 

APPENDIX  TABLE  C-5  and  are  summarized  below. 

Ct  “  0.44  Volume  $  for  Cs  <  10$ 

Ct  -  0.80  Volume  $  for  Cs  >  10$ 

Ct  -  0.61  Volume  $  for  all  tests 

8.6.4  CONCENTRATION  GRADIENT 

The  accuracy  of  the  point  values  of  sand  concen¬ 
tration,  Cs,  obtained  from  the  gamma-ray  instrument  depends 
on  the  accuracy  of  the  measured  quantities  in  EQUATIONS  2.12 
and  2.16. 

Cs  =  100  ln(E°_  JEp)  /  0.26 7x  for  y^±  1.6” 

E0p  “  E 

0S  =  100  ln(E2_  .  !p)  /  1.61  kwx  for  y  >±  1.6" 

E0p  E 

These  can  be  combined  in  the  form, 

Cg  ~  100  In  e  /  kx  o  o  o  ®  o  .  °  »  «  °  «  •  ( 3  °  6  ®  4 ) 
for  the  actual  test  conditions  where  E0  equalled  E0p  and 

In  e  =  ln(^£) 

E 

k  -  0.267  for  y  <^±  1.6r 
k  =  1 . 6 1  ° kw  for  y>±  1.6" 
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The  standard  deviations  of  the  preceeding  three  groups  were 
obtained  from  the  approximate  general  statistical  relation¬ 
ship  : 


S  y  ;2r 


(3F 

9z 


*Z1 


+  ( 


^Z2 


s 

bZ2  ' 


o  •  • 


(3.5.5) 


where  y  =  F(z-j  ,  Z2?  .  .  .),  and  it  is  assumed  that 

the  changes  in  values  of  z  are  independent  of  one  another. 
Application  of  EQUATION  3.5*5  "to  3*  5.4  enabled  calculation  of 
an  approximate  value  of  the  standard  deviation  of  Cs  at  4 
locations  in  the  pipe  and  at  concentrations  close  to  the  test 
conditions . 

Summaries  of  the  calculation  procedures  are  given 
in  APPENDIX  C-5«  The  standard  deviations  of  In  e,  k,  x  and  Cs 
at  these  4  points  are  listed  below. 


TABLE  III-7 


Loca¬ 

tion 

Inches 

Below 

Pipe 

Center 

0 

0.6 

1.2 

1.8 

^SJ_.  1° 

5.00  ±.61 

10.0  ±1.0 

30.0  ±3-0 

50.0  ±11.0 

In  e 

.o523±.oo45 

.0994±  .0045 

. 2466±  .0048 

.1772*  .0085 

x,  ” 

3-916  ±.015 

3.724  ±  .016 

3.079  ±  .020 

1.472  ±  .048 

k/inch 

.267  ±.019 

.267  ±  .019 

.267  ±  .019 

.241  ±  .020 

It  should  be  noted  that  these  calculated  standard 
deviations  assume  that  the  readings  with  sand-water  mixtures 
could  be  obtained  with  the  same  accuracy  as  the  readings  with 
water  only.  They  therefore  do  not  necessarily  reflect  actual 
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fluctuations  in  pipeline  concentration.  In  addition  it  may 
not  reflect  the  increased  error  in  obtaining  the  3  point 
readings  on  the  curve  having  a  greater  slope  in  the  bottom 
pipe  region.  Insufficient  runs  at  set  conditions  were  made 
to  obtain  standard  deviations  at  different  points  and  with 
different  solids  concentrations.  Fluctuations  in  solids  con¬ 
centration  with  frequencies  less  than  approximately  10  seconds 
would  be  "averaged-out"  by  the  combined  effect  of  the  slow 
scanning  speed  and  instrument  time  constant.  Fluctuations  of 
lower  frequency  could  be  expected  to  show  up  in  the  recorded 
signal,  but  their  effect  could  be  minimized  by  taking  the 
smoothed  curve  value  at  each  point.  Sufficient  readings  at 
the  3  points  greater  than  1.6"  from  the  centerline  were  made 
to  convince  the  author  that  they  could  be  obtained  with  the 
same  degree  of  accuracy  as  corresponding  points  on  the  water 
calibration  curve.  The  standard  deviations  of  Cs  of  TABLE 
III-7  can  be  expected  to  give  a  good  indication  of  the  var¬ 
iation  of  the  concentration  measurements  during  the  test  runs. 

A  further  indication  of  the  relative  accuracy  of  Cs 
can  be  obtained  by  comparing  the  average  concentration  ob¬ 
tained  by  integrating  the  horizontal  and  vertical  concentration 
profiles  with  the  sampled  transport  concentration  C-^.  These 
values  are  summarized  in  TABLE  C-6  and  show  a  root  mean  square 
discrepancy  of  ±  1.09  volume  %  sand  for  Cs<10$  and  ±  1.95 
volume  %  for  Cs  >10$  for  the  runs  without  a  fixed  bed.  The 
difference  in  these  two  concentrations  is  in  part  due  to  the 
hold-up  of  solids  in  the  pipe.  The  integrated  values  show 
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a  reasonably  random  distribution  of  values  higher  and  lower 
than  the  transport  concentration  indicating  that  the  hold-up 
ratio  could  not  be  determined  within  these  limits  of  accuracy. 


CHAPTER  IV 


INTERPRETATION  OF  EXPERIMENTAL  RESULTS 
4.1  GENERAL 

Virtually  all  the  data  and  theory  of  pipeline  trans¬ 
port  of  fluidized  solids  published  to  date  have  been  confined 
to  the  fully  suspended  flow  regime  far  above  the  critical 
deposit  region0  This  study  was  confined  to  the  critical  de¬ 
posit  region  and  hardly  any  data  are  therefore  available  with 
which  to  compare  these  test  results „ 

This  chapter  outlines  the  approach  taken  in  an 
attempt  to  quantitatively  describe  the  critical  deposit  regime „ 


4.2  SIMPLIFIED  THEORETICAL  ARGUMENT 
FOR  SUSPENDED  FLOW  IN  PIPELINES 

USING  THE  BAGNOLD  (1256)  DISPERSIVE  STRESS  CONCEPT 
SUMMARY: 


Bagnold  introduced  a  novel  concept  in  the  flow  of 
fluid-solid  suspensions o  He  was  able  to  measure  both  the  shear 
stress  (r  )  and  the  normal  or  “dispersive”  stress  component  (P.) 
of  non-settling  suspensions  in  a  concentric  cylinder  viscometer 
and  showed  that  these  could  be  related  by; 


T 


-  tan  *C  o 


900000000 


o  (  4  O  2  o  1  ) 


where  tan  «C  can  be  regarded  as  the  dynamic  analogue  of  the 
static  coefficient  of  friction  and  has  a  value  ranging  from 
0.75  to  0.32  for  suspension  concentrations  larger  than  10$. 
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Tan*C  in  turn  was  found  to  be  a  function  of  the  particle  and 
fluid  properties .  These  properties  were  expressed  in  the 
form  of  a  non-dimensional  "dispersion”  number,  Go 


tan  *£  =  Fn 


Fn( G2 ) 


.(4.2,2) 


where  ),  =  —  and  a  =  average  distance  between  particle  sur- 
a 

faces.  This  parameter  was  used  to  broadly  classify  high  shear¬ 
ing  rates  as  "Inertial”  and  low  shearing  rates  as  "Viscous" 0 
In  these  regions  constant  values  could  be  assigned  to  tan^o 
This  classification  with  the  numerical  values  of  tan<?C  and  G" 
are  listed  below0 


REGIME 

TAN  <4 

G2 

Qs 

Viscous 

0.75 

<  28 

o 

i — i 

A 

Inertial 

0.32 

>  3700 

_ 

In  studying  sand  transport  by  saltation  as  found 
in  wind-driven  sand  and  bed-load  transport  in  streams  and 
canals,  Bagnold  suggested  that  the  transition  from  a  moving 
to  a  fixed  bed  corresponded  to  a  transition  from  Inertial  to 
Viscous  shearing. 

A  brief  review  of  Bagnoldvs  work  and  its  limitations 
is  given  in  SECTION  b  .b , 


4.3  APPLICATION  TO  SIMPLIFIED  MODEL  OF  PIPELINE  FLOW 

Inspection  of  the  concentration  gradients  shows 
that  the  vertical  flow  section  consists  of  a  clear  water  sec¬ 
tion  occupying  as  much  as  half  of  the  top  flow  section  and  a 


* 


Pi 
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fluidized  solids  section  with  a  concentration  gradient  in¬ 
creasing  from  zero  %  solids  at  the  interface  to  40  to  60% 
solids  at  the  pipe  floor.  The  latter  section  can  further  be 
subdivided  into  a  top  region  with  Cs  <  10%  and  a  bottom  region 
with  Cs  >  10%.  The  Bagnold  dispersive  stress  concept  and 
classification  of  SECTION  4.2  would  then  apply  to  this  bottom 
region. 

Values  of  the  average  pipe  wall  shear  stresses  in 
these  regions  can  be  approximately  calculated  from  the  pro¬ 
cedure  outlined  below.  Refer  to  FIGURE  IV-1. 

A  force  balance  over  the  length  of  pipe  dL  yields; 

>dP|  A  =  (rwLw  +  rcLc  +  TbLbML 


where  fw  c  B  =  avera£e  wall  shear  stresses  in  the  water, 
center,  and  bottom  regions  respectively  in  lb/ft  ;  and 
where  Lw  q  b  =  wa^  perimeters  in  the  3  regions,  in  ft„ 

The  approximate  values  of  Vw  and  Tq  can  be  calculated 
from  the  mean  flow  velocity  Vm  and  a  friction  factor.  Ex¬ 
tensive  experimentation  has  verified  that  in  highly  turbulent 
flow  (Reynolds  numbers  greater  than  approximately  150,000) 
the  friction  factors  for  low  concentration  sand-water  mixtures 
differ  only  slightly  from  the  clear  water  friction  factor  at 
the  same  mean  velocity  (Condolios  and  Chapus ,  1963;  Ansley, 
1963).  In  this  region  the  friction  factor  is  also  a  very  weak 
function  of  the  velocity  if  changes  in  velocity  distribution 


84 


Pressure 

Differential  =  dP 


dL  =  1  ft 


rw,C,B 


are  average  wall  shear  stresses  in  water,  center 

and  bottom  regions  respectively „ 


SIMPLIFIED  SKETCH  FOR  FORCE  BALANCE 


FIGURE  IV-1 


8? 


due  to  presence  of  the  dense  bottom  layer  are  neglected*  The 
approximate  value  of  the  wall  shear  stress  in  the  two  top 
regions  can  be  obtained  from; 

TT  =  I'w-'ic  =  rwfVm2  ........  (4.3.2) 

8g 


3.1  SO  Lrjn  ]j^  +  Lq  •  .  c  ,  #  .  c  0  ,  „  .  .  (4*3*3  ) 

As  a  first  approximation  fg  can  be  obtained  from  the  Bagnold 
dispersive  stress  concept,  EQUATION  4.2*1  where  P  can  be  re¬ 
garded  as  the  submerged  weight  of  sand  per  unit  projected 
area  of  pipe  floor. 

C  A 

i.e.  ^g  =  P  tan°C  =  (^S-Vw)(_£_ — )  tan -C . (4.3.4) 

XB 


Substitution  of  EQUATIONS  4.3.2;  4.3-3  and  4.3.4  in  4.3*1 
gives : 


( ^s -  Xa - )  Cs  tan°C 
Axb 


fVm^  Lt  ApL-r  _ 

or  i  -  ( — — )(  — )  +  (S-l)(JL-fi)  Cs  tan  «C  .  *  *  *(4*3*5) 

8g  A  Axg 

All  terms  except  tannin  this  equation  are  measured  variables. 
The  values  of  tan  ( from  EQUATION  4.3*5)  and  (from  EQUATION 
4.2.2)  could  therefore  be  calculated  for  all  test  conditions 
and  compared  with  the  values  obtained  by  Bagnold. 

4.4  REVIEW  OF  WORK  BY  BAGNOLD  (1954.  1956) 


Bagnold  argued  that  a  static  mass  of  solids  cannot 
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be  sheared  without  some  degree  of  dilation  or  dispersion., 

For  fluid-solids  flow  systems  he  postulated  a  dispersive 
pressure  resulting  from  momentum  transfer  between  successive 
layers  of  the  mixture  of  fluid  and  solids.  This  pressure 
acts  normal  to  the  plane  of  shearing  and  in  horizontal  flow 
acts  against  the  force  of  gravity.  In  this  way  Bagnold  was 
able  to  explain  how  solids  could  remain  suspended  under  con¬ 
ditions  where  lifting  action  by  fluid  turbulence  was  insuff¬ 
icient. 

A  simplified  model  of  particle  interaction  was 
used  to  relate  the  dispersive  pressure, P,  with  the  fluid  and 
solids  properties  as  outlined  below. 

A  mass  of  rigid  elastic  spheres  w ith  uniform  di¬ 
ameter,  d,  arranged  in  a  tetrahedral-rectangular  pattern  which 
gives  a  minimum  static  void  space  (corresponding  to  C0  volume 
%  solids)  is  uniformly  dispersed  so  that  the  distance,  d, 
between  centres  is  increased  to  bd.  If  the  resulting  free 
distance  is  a,  we  have: 

b  =  -+  l  =  i+l»  and 
d  A 

^  d/ a  .  .  o  o  »  «  •  .  »  .  •  o  •  ®  •  ( V , 4  o 1 ) 
which  represents  the  "linear  concentration’'' 
and  is  related  to  the  volume  concentration  by; 

^  =  -4  .  . .  o  (4.4.2) 

(C0/C)’333_i 

The  following  simplifying  assumptions  were  made  regarding  the 
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solids  and  fluid  motion. 

(i)  Zero  ’’slip"  velocity  between  fluid  and  solids. 

(ii)  A  steady  uniform  velocity  gradient  —  prevails  through- 

dy 

out  the  mixture. 

(iii)  The  kinetic  energy  per  unit  volume  is  maintained  con¬ 
stant  by  frictional  losses. 

(iv)  In  addition  to  the  average  velocity  V,  the  motion  of 

each  sphere  consists  of  three  dimensional  oscillations 

caused  by  a  succession  of  collisions  between  spheres  in 

faster  and  slower  moving  layers. 

Adjacent  layers  have  mean  relative  velocities  6V  =  kbd  dV/dy 

.  .  .  . (4.4.3 ) 

cl 

where  k  is  a  constant.  In  _  seconds  the  number  of  collisions 

SV 

is  a  function  of  i.e.  Fn(^)  8  V/a  collisions  occur  in 

unit  time.  The  number  of  grains  per  unit  area  in  each  layer 

is  ^  .  Each  grain  collides  at  some  unknown  angle with 

(bd)2 


the  slower  moving  spheres  in  the  adjacent  layer  thereby  ex¬ 
periencing  a  total  momentum  change  2m6V  Cos^c  in  the  y  dir¬ 
ection  and  2mSV  Sin°c  in  the  V  direction.  (m  =  mass  of  sphere). 

1  Fn(  A)  8  V 


A  repulsive  pressure  P  = 


b2d2 


2m  6V  Cos®C  and 


shear  stress  f  =  P  tan  . (4.4.4) 

therefore  exist  between  adjacent  layers.  The  expression  for 
P  can  also  be  written; 

P  =  k  Ps  AFn(?i)  d2  ( dV/dy ) 2  Cos  .  .  .  .  (4.4.5) 

by  substituting  m  =  f*s  and  the  values  of  a  and  §V  from 

6 

EQUATIONS  (4.4.1)  and  (4.4.3).  k  is  a  constant. 
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Any  momentum  transfer  due  to  fluid  turbulence  will  be  in 
addition  to  T.  There  will  also  be  dispersive  pressure  com¬ 
ponents  of  unknown  magnitude  in  other  directions 0 

The  theory  as  outlined  above  is  obviously  weak 
because  it  neglects  fluid-particle  interaction,  Bagnolds 
main  contribution  lies  in  experimental  justification  of 
EQUATION  4.2.1  for  two  limiting  conditions  of  shear  rate  and 
within  a  range  of  concentrations  of  approximately  10  to  60%. 

The  experimental  work  was  confined  to  spheres  of  uniform 
diameter  and  of  the  same  density  as  the  fluid.  The  shear 
stress  necessary  to  prevent  movement  of  the  inner  cylinder  of 
a  coaxial  viscometer  was  measured  together  with  the  dispersive 
pressure  on  the  inner  wall.  The  fluid  viscosity  was  treated 
as  a  separate  variable  and  was  varied  by  a  factor  of  7  during 
tests . 

At  high  shear  rates  (inertial  region)  tan seemed 
to  approach  a  constant  average  value  of  0.32  and  the  constant 
of  EQUATION  (4.2.12)  could  be  calculated  giving  an  empirical 
expression  for  P. 

P  =  0.042  (?>d)2(dV/dy)2  Cos «C . .  .  (4.2.13) 

The  pressure  P  persisted  even  in  the  low  shear  rate  (Viscous) 
region  where  the  fluid  viscosity  becomes  important  and  tan  oC 
approached  a  constant  average  value  of  0 .75  giving  an  empirical 
expression; 

r  =  I.3P  =  2.25  A3/2  V't  dV/dy 
where  =  fluid  viscosity. 


(4.2.14) 
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Both  the  stresses  T  and  P  as  nondimens ional  groups 
r  d2/^Kf2  and  G2  =  P/>sd2/^Kf2  could  be  related  to  a  non- 
dimensional  shear  rate  group  N  =  ?\ i//2  /^d^ dV/dy )/Pf  over 

the  entire  range  of  tests.  The  numerical  values  of  tan  ^  and 
G2  for  the  two  limiting  conditions  are  given  in  SECTION  4.2 

4.5  COMPARISON  OF  RESULTS 

The  values  of  G2  and  tan*C  were  calculated  from 
EQUATIONS  4.2.2  and  4.3 . 5  for  all  test  conditions  regardless 
of  the  type  of  bed  condition.  This  was  done  because  it  was 
not  possible  to  accurately  determine  the  interface  between 
the  fixed  bed  condition  and  the  suspended  region. 

The  value  of  h  was  calculated  from  EQUATION  4.4.2 
using  a  value  of  C0  =  0.65  as  determined  experimentally  by 
dry  compaction  of  the  sand  and  the  average  concentration  Cs 
obtained  by  integrating  the  concentration  profiles  for  val¬ 
ues  of  Cs  >  10%.  The  value  of  CQ  is  reasonably  constant  for 
most  naturally  occurring  sands.  A  friction  factor  of  0.016 
was  chosen  from  FIGURE  1 1 1  —  1  .  The  calculated  values  of  G2 
and  tan  «C  are  listed  in  TABLE  IV-1 . 

Tan  oC  appears  to  be  grouped  according  to  the  aver¬ 
age  solids  concentration  and  flow  rate  whereas  the  value  of 

p 

G  remains  fairly  constant  for  all  tests. 

One  obvious  variable  not  adequately  accounted  for 
in  this  approach  is  the  pipe  wall  concentration.  It  is 
most  logically  incorporated  by  calculating  }\  from  the  wall 
concentration  instead  of  from  the  average  mixture  concentra¬ 
tion.  These  values,  Gw2,  are  plotted  against  tan  ^  on 
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TABLE  IV-1 


Test 

No 

Interface 
Inches  from 
Pipe  Center 

Average 

Cone 

Cs 

% 

Cone 

at  Floor 
Cs(w) 

% 

Tan^ 

02  = 
fs  d2P 

G  2  = 
w 

/sd2P 

Kf2Aw 

* 

Bed 

Type  ; 

j 

122303 

1 .4 

16.7 

35.2 

.44 

7,300 

2,960 

N 

122304 

1.2 

14.4 

37.1 

.40 

9,200 

2,970 

M 

122307 

1.0 

17.7 

50.7 

.22 

12,000 

1,890 

F 

122309 

1.4 

14.2 

35.2 

.66 

7,200 

2,520 

N 

122310 

1.6 

11.6 

10.8 

1.31 

5,100 

5,470 

N 

122401 

0.8 

17.2 

37.1 

.52 

15,000 

5,620 

I 

N 

122402 

0.8 

17.5 

37.1 

.46 

15,000 

5,700 

N 

122403 

0.8 

19.6 

42.9 

.39 

15,000 

4,650 

M 

122404 

0.8 

20.2 

44.8 

.32 

14,900 

4,210 

M 

12240? 

0.8 

18.9 

39.0 

.34 

14,900 

5,550 

M 

122406 

0.8 

23.8 

62.7 

.30 

14,800 

432 

F 

123001 

0.4 

23.7 

53.7 

.21 

14,600 

1,650 

M 

123002 

0.4 

20.4 

50.7 

.27 

18,400 

1,850 

N 

123003 

0.4 

21.3 

50.7 

.24 

19,200 

1,920 

N 

123004 

0.4 

22.4 

50.7 

.23 

18,800 

2,020 

N  j 

123 006 

0.4 

21.8 

58.7 

.24 

19,200 

2,540 

M 

123007 

0.4 

21.4 

54.7 

.22 

18,900 

2,500 

M 

123008 

0.6 

25.5 

62.7 

.25 

15,500 

500 

F 

123009 

0.4 

27.2 

66.8** 

.18 

18,100 

64o 

F 

j  123010 

0.4 

29.4 

79.1** 

.17 

17,600 

680 

F 

123101 

0 

25.5 

62.7 

.19 

22,200 

710 

F 

123102 

0 

22.8 

48.7 

.21 

22,700 

5,580 

N 

123103 

0 

25.2 

54.7 

.20 

22,000 

3,540 

M 

123104 

0 

23.1 

44.8 

.22 

22,900 

7,370 

M 

123105 

0 

22.8 

35.2 

.21 

22,700 

12,500 

M 

123106 

0 

24.5 

60. 7 

.20 

22,300 

1,350 

F  ! 

_ ! 

Note:  *  Aw  = 


0  .65 

cs(  w) 


0.33 


-1 


**  Value  of  62.7  used  in  calculating  Gw2 
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logarithmic  coordinates  in  FIGURE  IV-2. 

Whereas  the  values  of  tan  are  by  no  means  con¬ 
stant  they  nevertheless  fall  in  a  range  of  0o 17  to  1.3  which 
includes  the  Bagnold  range  of  0.32  to  0.75*  The  one  value 
of  1.3  falling  outside  the  upper  range  has  a  +10%  solids  zone 
only  0.36"  from  the  bottom  wall  and  also  has  the  lowest 
average  concentration  of  11.6%  in  this  region.  This  is  close 
to  the  limiting  range  below  which  EQUATION  4.2.1  does  not 
apply.  At  low  concentrations  the  effect  of  the  intergranular 
water  will  become  more  important. 

An  additional  resisting  shear  stress  due  to  the 
intergranular  water  will  result  in  lower  values  of  tan  ^ 
than  values  calculated  from  EQUATION  4.3. 5°  This  could  ex¬ 
plain  the  trend  toward  higher  values  of  tancC  at  the  lower 
concentrations  in  the  bottom  pipe  region. 

The  fixed  bed  condition  in  general  is  identified 
by  lower  values  of  Gw^  mainly  because  of  the  higher  values 
of  ln  two  of  the  tests  where  the  fixed  bed  concentra¬ 

tion  exceeded  the  maximum  assumed  concentration  of  65%  5  a 
maximum  value  of  62.7%  was  used  to  calculate  /\w. 

4.6  EMPIRICAL  EQUATION  FOR  CRITICAL  DEPOSIT  REGION 

There  is  a  very  real  need  for  reliable  design 
equations  in  the  critical  deposit  region.  To  be  of  any 
practical  use  such  equations  must  follow  the  traditional 
trend  of  being  in  terms  of  design  parameters  such  as  press¬ 
ure  gradient,  mean  velocity,  solids  properties  and  transport 
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concentration. 


Ansley  (1963)  found  a  strong  correlation  between 


VmD 


the  nondimens ional  groups, 


gD  n  j  /  i  -  iwx 
— -)  and  $  (=  - ) 

Vm  Csiw 


for  his  test  data  with  0.223  mm  silica  sand  in  a  2 ”  pipe 
for  the  critical  deposit  region.  His  equation  was: 


$ 


2.45  X  10"21 


VmD  .  gD 


4.48 


(4.6.1) 


The  group  on  the  right  hand  side  is  most  conveniently  ex- 

p 

pressed  as  the  ratio  of  Re/FN  and  represents  the  ratio  of 
gravitational  to  viscous  forces  for  the  fluid  flowing  at 
velocity  Vm  in  a  pipe  of  diameter  D.  ^  is  the  kinematic 
viscosity  of  the  water.  The  sand  properties  such  as  size 
and  density  were  constant  during  the  tests  and  therefore  do 
not  enter  in  this  equation. 

A  regression  analysis  of  the  present  data  with 
0.355  mm  sand  in  the  4f1  line  yielded  the  expression; 

4.618 


5  =  1.44  x  10 


-21 


DVm 

V 


g£_ 

V  2 

vm 


o  •  o 


(4.6.2) 


with  a  high  correlation  coefficient  of  0.935*  The  results 
of  these  tests  are  shown  in  FIGURE  IV-3  together  with  the 
Ansley  data,  as  a  logarithmic  plot  of  $  vs  (Re/FN2). 

A  line  fitting  both  the  2"  and  41"  test  data  would 
have  the  form; 


$  =  K  x  icr21 


DVm 

V 


gD 

Vm2  j 


n 


O  9  o 


(4.6.3) 


with  K  =  1.44  to  2.41 
n  =  4.62  to  4.48 
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The  close  agreement  between  these  sets  of  data  indicates 
that  in  the  critical  deposit  region,  $  and  therefore  the 
hydraulic  gradient,  is  not  critically  dependent  on  particle 
size  in  the  range  0.223  to  0.335  nun. 

4.7  CONCENTRATION  GRADIENT 

A  more  general  application  of  EQUATION  4.3.5  will 
require  a  prior  knowledge  of  the  concentration  gradient  for 
particular  conditions  of  flow  and  transport  concentration. 

Inspection  of  the  concentration  profiles  leads  to 
the  general  observation  that  the  concentration  gradient  is 
reasonably  independent  of  flow  rate  for  any  given  transport 
concentration  in  the  critical  deposit  region. 

The  semi-log  plots,  FIGURES  III-2  to  5?  show  a 
fairly  well  defined  straight  line  relation  for  the  low  con¬ 
centration  tests  as  well  as  for  the  upper  pipe  portions  of 
the  high  concentration  tests.  This  is  in  agreement  with  the 
findings  of  other  workers  (Schmidt,  1925;  O'Brien,  1933; 
Vanoni,  1946;  Rouse,  1950)  who  studied  the  distribution  of 
fine  sediment  in  turbulent  flow.  Durand  (1952)  concluded 
from  his  tests  that  the  concentration  gradient  is  independent 
of  mean  velocity  for  sand  sizes  greater  than  approximately 
2  mm.  For  smaller  sizes  the  gradient  changes  with  mean  vel¬ 
ocity. 

The  upper  part  of  each  curve  was  said  to  satisfy 
Rouse's  (1950)  equation; 

. .  (4.7.1  ) 


=  (i  -  iJ/Csiw 
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K* 

where  z  =  — .  K  and  K’  are  constants  and  Cg  is  the  con- 
Vm 

centration  at  y*  feet  above  the  pipe  floor* 

No  attempt  appears  to  have  been  made  to  study  the 
concentration  gradient  in  the  bottom  region. 

Inspection  of  FIGURE  III-6  shows  that  moving  beds 
have  pipe  floor  concentrations  varying  from  1+0  to  60#.  The 
concentration  at  the  pipe  floor  although  subject  to  the 
largest  error  is  the  only  known  boundary  condition  and  it 
appeared  logical  to  use  it  as  a  reference  concentration.  The 
deviation  from  the  semi-log  relationship  at  higher  concentra¬ 
tions  also  appeared  to  be  associated  with  the  increased  depth 
of  this  region, 

A  semi-log  plot  of  Cg/Cs(w)  vs  y’/y'B 
where,  Cs(w)  =  pipe  floor  concentration 

y’B  =  depth  of  +10#  solids  region 
Cs  -  concentration  y*  inches  from  the  interface 
showed  promise  in  grouping  together  all  the  concentration 
gradients , 

One  test  from  each  of  the  test  series  is  plotted  in 
FIGURE  I V-4.  In  spite  of  the  apparent  high  degree  of  scatter, 
a  regression  analysis  of  the  28  data  points  yielded  the 
equations 

log  [cs/cs(w)]  -  0.7if(y’/y*B)  -0 ,7k 
with  a  high  correlation  coefficient  of  0,95* 


o 


.  •  (4-. 7. 2) 


Cs/Cs(w) 
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FIGURE  IV  -  4 


CHAPTER  V 


DISCUSSION  OF  RESULTS 

5.1  GENERAL 

This  chapter  briefly  discusses  the  analyses  of 
CHAPTER  IV  and  the  limitations  of  the  equations  developed 
therein. 

5.2  FLOW  EQUATION  BASED  ON  BAGNOLD  CONCEPT 

The  success  with  which  EQUATION  4.3.5  could  be 
applied  depends  on  how  accurately  the  value  of  tan  <?c  can  be 
predicted.  Unfortunately  Bagnold  only  gives  average  values 
of  tanoC  for  his  experiments  thereby  precluding  further  com¬ 
parison  of  the  scatter  to  be  expected.  Inspection  of  FIGURE 
IV  -  2  shows  remarkably  constant  values  of  tan<>C  (0.17  to 
0.27)  in  the  transport  condition  of  practical  interest  (SERIES 
123000  and  123100)  where  a  dense  zone  of  appreciable  depth 
exists.  The  calculation  of  tan oC  for  fixed  beds  is  subject  to 
some  inaccuracy  due  to  the  fact  that  no  differentiation  could 
be  made  between  moving  and  stationary  solids.  The  stationary 
solids  were  therefore  included  in  the  calculation.  This 
probably  accounts  for  the  lower  calculated  values  of  tan  oG 
for  the  fixed  bed  condition.  Higher  values  of  tan<*L  would 
bring  the  points  closer  to  the  Bagnold  line.  Excluding  these 
points  gives  a  narrower  range  of  0.20  to  0.27  for  tan  oG  . 
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o 

Values  of  Gv^  are  subject  to  large  errors  and  no 
reliable  classification  of  the  flow  regime  can  be  made  based 
on  its  numerical  value,  Bagnold’s  classification  would  place 
all  the  points  in  the  transition  region.  The  fixed  beds  can 
be  associated  with  lower  values  of  Gw2  and  therefore  can  be 
said  to  fall  closer  to  the  '"Viscous’*  region, 

5.  “3  EMPIRICAL  EQUATION  FOR  CONCENTRATION  GRADIENT 

EQUATION  4.7.2  shows  promise  as  a  practical  means 
of  predicting  the  concentration  gradient  above  the  pipe  floor 
and  was  derived  with  the  data  from  one  fixed  and  three  moving 
bed  conditions.  Four  values  of  y*g  (depth  of  +10%  solids 
region)  and  Cs(w)  were  used  and  the  equation  therefore  adequate 
ly  reflects  the  range  of  conditions  tested,  y'g  however  never 
extended  above  the  pipe  centerline  and  further  testing  will  be 
required  to  establish  its  validity  in  this  range. 

Further  tests  may  show  that  other  variables  such  as 
overall  solids  transport  concentration,  pipe  configuration 
and  possibly  flow  rate  should  be  accounted  for  in  this  equation 

5.4  EMPIRICAL  EQUATION  BASED  ON  CONVENTIONAL 
EXTERNAL  PARAMETERS 

EQUATION  4.6.2  provides  a  good  means  of  predicting 
pressure  drops  in  terms  of  average  transport  concentration. 

It  does  not,  however,  include  the  properties  of  the  solids  nor 
does  it  present  a  logical  way  in  which  to  do  so.  Its  applica¬ 
tion  will  therefore  always  be  limited  to  exactly  the  range  of 
experimental  conditions. 


CHAPTER  VI 


CONCLUSIONS  AND  RECOMMENDATIONS 
6.1  CONCLUSIONS 

Development  of  the  Gamma-ray  scanner  has  made 
possible  concentration  gradient  measurement  without  disturb¬ 
ing  the  fluid  flow.  The  test  results  showed  the  concentration 
gradient  to  be  rather  insensitive  to  flow  rate  in  the  critical 
deposit  region.  In  general,  moving  beds  could  be  identified 
by  pipe  floor  concentrations  of  40  to  60$.  Fixed  beds  generally 
were  associated  with  pipe  floor  concentrations  exceeding  60$. 
These  pipe  floor  concentrations  are  subject  to  large  errors 
of  approximately  ±  11$  solids. 

These  concentration  gradients  showed  that  solids 
are  transported  in  the  lower  pipe  regions  with  clear  water 
occupying  25  to  75$  of  the  flow  area.  On  the  basis  of  this 
observation  a  simplified  model  of  the  flow  mechanism  could  be 
formulated.  The  pipe  wall  shear  stress  in  the  top  water  and 
low  solids  concentration  region  was  estimated  from  a  friction 
factor.  The  pipe  wall  shear  stress  in  the  bottom  region  was 
estimated  from  the  Bagnold  ’’dispersive  stress”  concept  which 
relates  this  shear  stress  to  the  submerged  weight  of  the 
solids  and  a  coefficient  of  friction  (tan«C  ).  The  values  of 
tan^C  from  these  experiments  were  found  to  fall  close  to  the 
predicted  values  and  were  reasonably  constant  (0.20  to  0.27) 
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for  conditions  where  the  bottom  high  concentration  zone  exceed¬ 
ed  depths  of  approximately  l05w. 

This  approach  has  considerable  potential  in  that  it 
provides  a  logical  way  of  being  extended  to  flow  systems  with 
different  pipe  sizes,  fluids  and  particles  and  is  not  subject 
to  the  extensive  experimental  verification  of  the  purely  em¬ 
pirical  approach. 

6.2  RECOMMENDATIONS 

It  is  recommended  that: 

(a)  concentration  gradient  measurement  be  carried  out  with  a 
narrower  gamma  beam  and  possibly  in  larger  pipes  to  in¬ 
crease  the  accuracy  of  the  floor  concentration  measurement. 

(b)  tests  be  conducted  over  a  wider  range  of  particle  size 
and  density  to  establish  the  extent  to  which  tan  ©C 
changes . 

(c)  active  work  be  carried  out  to  develop  a  reliable  method 
of  determining  velocity  profiles  in  solids-fluid  mixtures. 
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PART  B 
CHAPTER  I 


INTRODUCTION 

This  investigation  has  not  been  brought  to  any 
satisfactory  conclusion  and  the  purpose  of  this  section  is 
simply  to  report  the  investigation  and  present  the  test  re¬ 
sults  . 

A  non-Newtonian  clay  suspension  was  used  as  the 
carrying  fluid  in  the  pipeline  and  open  channel  flow  exper¬ 
iments  conducted  by  Ansley  (1963).  It  has  been  claimed  that 
clay-water  mixtures  up  to  certain  concentrations  boost  the 
sand  carrying  capacity  of  a  given  installation.  An  extensive 
investigation  by  Ansley  showed  that  the  Bingham  Model  could 
be  used  to  describe  the  rheological  behaviour  of  the  slurry. 
This  approach  has  also  been  taken  by  Thomas  (1962)  in  study¬ 
ing  the  flow  of  thorium  oxide,  kaolin  and  other  suspensions 
in  small  diameter  pipes. 

The  simplest  possible  case  of  single  particles 
settling  in  a  still  fluid  appeared  to  be  a  logical  start¬ 
ing  point. 
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PART  B 
CHAPTER  II 


EXPERIMENTAL 

The  high  turbidity  of  the  clay  suspension  nec¬ 
essitated  development  of  an  electrical  technique  to  replace 
visual  observation  of  settling  particles.  The  following  is 
a  description  of  the  apparatus  used. 

Tests  were  conducted  in  a  2  3/8"  diameter  by  3* 
long  water  jacketed  glass  column.  Settling  rates  in  clear 
water  were  obtained  by  measuring  the  time  taken  by  single 
particles  to  fall  between  two  marks  spaced  at  2  to  2|  ft.  A 
stop  watch  measuring  to  one  tenth  of  a  second  was  used.  The 
first  mark  was  located  9£n  below  the  liquid  surface.  No 
significant  difference  was  observed  when  the  marks  were  lo¬ 
cated  at  greater  depths,  thus  indicating  that  the  observed 
rates  could  be  regarded  as  the  terminal  settling  velocity  of 
the  single  particles.  A  large  number  of  results  with  the 
largest  particles  in  water  had  to  be  discarded  because  par¬ 
ticles  tended  to  bounce  off  the  walls.  For  the  majority  of 
the  particles  the  column  diameter  was  considered  large  enough 
to  neglect  wall  effects.  The  test  temperature  was  kept  con¬ 
stant  by  circulating  water  through  the  column  jacket.  Settling 
rates  in  the  clay  slurry  were  obtained  by  detecting  the  in¬ 
stantaneous  change  in  conductivity  as  the  particles  passed 
between  two  sets  of  electrodes  located  6"  to  1811  apart  in  the 
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column.  After  numerous  trials  with  different  types  of  elec¬ 
trodes,  an  electrode  consisting  of  two  0.050  inches  thick 
stainless  steel  wires  1-g-"  long  and  spaced  at  3/8  inches  in  a 
horizontal  plane  was  found  to  be  satisfactory.  The  electrical 
circuit  is  shown  in  FIGURE  II  -  1 . 

The  two  sets  of  electrodes  were  connected  in  parallel 
across  one  leg  of  a  resistance  bridge.  The  other  half  of  the 
resistance  bridge  and  the  amplification  and  recording  of  the 
AC  voltage  proportional  to  the  conductivity  change  between 
the  electrodes  was  provided  by  a  Sanborn  Model  158  -  1100  S 
amplifier.  Resistance  and  capacitance  controls  permit  balanc¬ 
ing  of  resistance  bridge  over  a  wide  range  of  conductivities 
between  the  probes.  Best  results  were  obtained  with  minimum 
amplifier  attenuation  and  occasional  adjustment  of  the  resist¬ 
ance  and  capacitance  balance. 

A  sharp  "kick"  was  recorded  whenever  a  particle 
passed  between  either  electrode.  The  exact  distance  between 
two  adjacent  "kicks"  together  with  a  fast  recorder  chart 
speed  gave  an  accurate  and  convenient  means  of  calculating 
particle  settling  rates.  A  fair  number  of  "drops",  especially 
with  the  finer  particles  sizes,  were  useless  because  of  the 
particle  missing  one  or  both  electrodes.  However,  a  large 
number  of  particles  could  be  dropped  in  a  short  tine  so  that 
this  was  not  a  serious  disadvantage.  FIGURE  II  -  2  shows 
typical  results  obtained  on  the  recorder  chart.  Particle 
sizes  in  the  range  4  to  16  mesh  performed  the  best  with  these 
particular  electrodes. 


HALF  BRIDGE  HALF  BRIDGE 


107  a 


J 


1 


hwu 

CEhW 

CO  W 


SIMPLIFIED  CIRCUIT  DIAGRAM 
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6  MM  BEADS  IN  I.  242  SG  CLAY  SLURRY 

DISTANCE  ,  1.5  FT 

CHART  SPEED  t  |0  MMPER  SEC 


TYPICAL  RECORDER  CHART 
FIGURE  II  -2 
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Difficulty  was  experienced  in  getting  readings  with 
single  particles  smaller  than  approximately  30  mesh  even  when 
smaller  electrode  spacings  were  used.  Quite  a  good  response 
was  obtained  however  when  a  number  of  particles  were  dropped 
at  the  same  time.  The  maximum  weight  introduced  at  one  time 
never  exceeded  0.1  gm,  thus  making  it  highly  unlikely  that  these 
readings  differed  significantly  from  the  terminal  settling 
velocity. 

The  clay  slurry  tended  to  settle  in  the  column  and 
hydrometer  readings  were  taken  at  frequent  intervals  at  the 
surface  and  the  slurry  was  mixed  whenever  this  value  dropped 
below  the  required  value.  Hydrometer  readings  were  also  taken 
of  samples  withdrawn  between  the  electrodes  to  establish  the 
exact  concentration  gradient  in  the  column.  An  average  value 
of  the  slurry  concentration  between  the  electrodes  was  used 
in  determining  the  drag  coefficient  and  apparent  kinematic 
viscosity  of  the  fluid.  Settling  rates  were  calculated  from 
10  to  50  readings. 

MATERIALS 

Two  types  of  silica  sand  were  used. 

TYPE  1  SOLIDS  -  ATHABASCA  SAND 

This  sand  has  a  specific  gravity  of  2.65  and  was 
obtained  from  the  tailings  dump  of  a  tar  sand  extraction 
pilot  plant  at  Mildred  Lake,  Alberta.  A  large  number  of  pump¬ 
ing  tests  in  a  1"  and  a  2"  pipeline  were  conducted  with  this 
sand  at  the  University  of  Alberta. 
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TYPE  2  SOLIDS  -  OTTAWA  SAND 

This  sand  has  a  2.64  specific  gravity  and  conformed 
to  ASTM  C109  standards.  No  attempt  was  made  to  measure  the 
geometric  properties  of  either  of  these  sands. 

Settling  tests  were  done  with  narrow  size  fractions 
obtained  by  careful  sieving  between  adjacent  sizes  of  screens. 
All  screen  fractions  were  further  wet  screened  by  hand  to  re¬ 
move  under-size  material.  In  the  case  of  the  Athabasca  sand 
this  procedure  was  essential  since  large  amounts  of  fines 
(-325M)  were  retained  with  all  the  fractions  below  100  Mesh. 

For  the  Ottawa  sand  -  18,  20,  25,  30,  35,  40,  45, 

50,  60,  70,  80,  and  100  Mesh  (U.  S.  Series)  fractions  were 
prepared.  For  the  Athabasca  sand  all  fractions  down  to  200 
Mesh  were  prepared,  i.e.  4,  8,  12,  16,  18,  20,  25,  30,  35, 
40,  45,  50,  60,  70,  80,  100,  120,  140,  170,  200  Mesh  (U.  S. 
Series).  PLATE  II— 1  shows  photomicrographs  of  some  of  these 
size  fractions. 

TYPE  3.  SOLIDS  -  GLASS  BEADS 

3mm,  4mm,  and  6mm  diameter,  approximately  spherical 
beads  with  specific  gravity  of  2.65  manufactured  by  the 
Fisher  Scientific  Company  constituted  the  largest  size  par¬ 
ticles  used  in  the  settling  tests. 

TYPE  4  SOLIDS  -  GLASS  BEADS 

Seven  sizes  -  8-10;  14-16;  16-20;  20-24;  32-35 
Taylor  Mesh  fractions,  No.  2  (average  diameter,  0.125")  and 
No.  2i  (average  diameter  0.098”)  were  used  as  supplied  by 


\ 


110  a 


SCALE 


0  _ 

0, 1mm  — 


l.Omra 


25  to  30  MESH 

TYPE  I  SOLIDS 


20  to  25  MESH 


SCALE 


0 

0.1mm  - 

1.0mm 

16  to  20  MESH  30  to  35  MESH 

TYPE  4  SOLIDS 
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the  manufacturer  at  that  time,  Potters  Brothers,  Inc.,  Carl- 
stadt,  New  Jersey,  U.S.A.  Density  determinations  (Davies, 
M.Sc.  Thesis,  1959)  give  values  ranging  from  2.47  to  2.555 
for  various  size  fractions  of  these  beads.  An  average  val¬ 
ue  of  2.51  was  used  for  all  size  fractions  rather  than  using 
the  individual  values  obtained  for  each  fraction. 

The  table  below  lists  the  density  values  obtained  by  Davies. 


DENSITIES  OF  GLASS  BEADS 

-  TYPE  4 

SIZE 

DENSITY 

em/cc 

No.  2  ....  .  . 

14/16  Mesh  . 

16/20  Mesh  ....... 

.2.555 

20/24  Mesh  ....... 

.2.515 

32/35  Mesh  . 

.2.470 

Average  ......... 

2.514 

CLAY 

The  clay  used  in  the  tests  was  obtained  from  a 
local  ceramics  company.  This  material  was  used  as  the 
carrying  fluid  in  a  large  number  of  sand  pumping  tests  con¬ 
ducted  at  the  University  of  Alberta.  Rheological  invest¬ 
igation  showed  that  water  slurries  of  this  material  ex¬ 
hibited  Bingham  Plastic  behaviour.  The  bulk  of  the  clay  is 
less  than  200  mesh  in  size  using  wet  sieving  techniques. 

The  specific  gravity  was  reported  as  2.65.  Preparation  of 
several  slurries  by  mixing  an  accurately  weighed  amount  of 
dry  clay  with  a  known  volume  of  water  indicated  this  value  to 
be  correct.  Other  properties  of  this  clay  are  discussed  by 
Ansley  (1963). 
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PART  B 
CHAPTER  III 


EXPERIMENTAL  RESULTS 

Tests  were  conducted  with  four  fluids.  Clear  water 
tests  were  conducted  to  enable  comparison  of  the  accuracy  of 
the  electrode  method  with  visually  observed  settling  rates. 

Tests  at  three  clay  slurry  concentrations  of  8  volume  %  solids 
(1.132  SG),  11.5  volume  %  (I.I89  SG)  and  l4.5  volume  %  (1.242 
SG)  covered  the  region  of  interest.  Types  1,  2  and  3  solids 
were  used  in  all  the  tests.  Type  4  solids  (2.51  SG  glass  beads) 
were  used  only  with  the  1.242  SG  slurry  when  it  became  necessary 
to  gain  data  over  a  wider  range  of  Reynolds  numbers.  All  the 
original  experimental  readings  are  listed  in  APPENDIX  D,  TABLE 
D-2  together  with  the  kinematic  viscosity  and  yield  stress  of 
each  clay  slurry. 

The  following  will  act  as  a  guide  to  the  test  cond¬ 
itions: 

Clear  Water ...»  .......  Tests  No.  1.01  to  1.05 

1.189  SG  clay  slurry . .Tests  No.  5«01  to  7» 03 
1.132  SG  clay  slurry . .Tests  No.  8.01  to  9°03 
1.242  SG  clay  slurry. .Tests  No.  10.01  to  12.07 


All  the  original  test  data  were  punched  on  IBM  cards  and  a 
programme  was  set  up  to  calculate  the  following: 

settling  distance,  ft 

Average  settling  rate,  W,  ft/sec  =  chart  distance,  mm 

chart  speed,  mm/sec 

Standard  deviation  of  settling  rate,  s w 

_  4  gd  Ss-Sw 


Drag  coefficient,  Cp,  =  _  (  — )( 


3  W2 


SW 


Standard  deviation  of  CD  =  2s^CD/W 


/ 


Reynolds  Number,  Re  =  dW p*  for  water 

~ 
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=  dWPf  for  clay  slurry 


Standard  deviation  of  Reynolds  Number  =  s^  Re/W 
Froude  number,  Fr  =  W/Vgd 


Modified  Froude  number  =  W//gd7  W1 > 
Hedstrom  number  =  Tyd2  


The  computer  output  format  (APPENDIX  TABLE  D-1 )  lists  these 
quantities  together  with  the  test  number,  average  solid  sizes 
and  the  fluid  specific  gravity  for  each  test. 

CLEAR  WATER  SETTLING  TESTS 


Clear  water  settling  tests  were  conducted  by  visual 


observation  of  particles  and  by  the  electrode  method.  Visual 
test  numbers  are  1.01  to  1.15>  3«01  to  4.02.  Electrode  test 
numbers  are  2.01  to  2.0 7.  Comparison  of  average  settling  rates 
and  standard  deviations  show  close  correspondence  between  the 
two  methods.  Tests  1.01,  2.05  and  1.06,  2.06  gave  average 
values  within  5%  of  one  another.  The  standard  deviations  for 
these  fractions  were  quite  high.  i.e.  20.8$  and  24.5$  for  the 
visual  method  and  2 7-7$  and  15.8$  for  the  electrode  method  in¬ 
dicating  the  effect  of  varying  particle  sizes  and  shapes 
within  sieve  fractions.  The  electrode  method  gives  less 
scatter  for  the  smaller  sieve  fraction  probably  because  the 
readings  give  settling  rates  for  a  small  cluster  of  parLicles 
rather  than  individual  particles.  Comparison  of  these  results 
with  that  of  other  workers  is  probably  most  conveniently 
achieved  by  the  conventional  non-dimensional  plot  of  Reynolds 


« 
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number  against  the  Drag  coefficient  CD.  These  values  are 
plotted  in  FIGURE  III-1 .  The  standard  curve  for  spheres 
settling  in  water  is  also  shown  on  this  plot.  The  test 
data  follow  this  standard  curve  fairly  well  up  to  Reynolds 
numbers  of  20  to  50  with  only  minor  deviations  for  the  small¬ 
er  sand  sieve  fractions.  There  is  also  little  difference 
between  the  Athabasca  and  Ottawa  Sand  in  this  range.  The 
smoothing  curve  through  the  points  shows  a  tendency  to 
level  off  at  a  drag  coefficient  of  approximately  1.5?  which 
conforms  to  the  observation  of  other  workers. 

SETTLING  TESTS  IN  CLAY  SLURRIES 


Test  results  are  presented  as  plots  of  vs  Re 


in  FIGURES  III-2  to  5°  FIGURE  III-2  shows  little  deviation 
from  the  clear  water  plot  for  Reynolds  numbers  greater  than 
7.  FIGURES  III-3  and  4  show  a  marked  deviation  from  the  clear 
water  line  for  Types  1  and  2  solids  and  for  Reynolds  numbers 
greater  than  10.  An  interesting  observation  is  that  CD  for 
the  glass  spheres  (Type  3)  always  falls  on  the  clear  water  line. 
These  plots  do  not  give  any  well  defined  order  to  data  for 
the  higher  clay  concentrations.  Dimensional  analysis  shows 


that 


FIGURE  III-6  is  a  logarithmic  plot  of  He  vs  Re  and  shows 
well  defined  relation  for  one  clay  concentration.  A  fairly 
orderly  grouping  results  from  a  logarithmic  plot  of  Re  vs 
He/CD  as  shown  in  FIGURE  III-7.  The  fourth  nondimensional 


group  ^  s  I  f  appears  to  separate  the  test  data  into  a  series 


group 


Pf 


of  parallel  lines. 
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APPENDIX  A 


A  1 


A.1  CALCULATIONS  FOR  TABLE  C-1 

Q*  -  Reading  x  Factor,  USGPM 
Q  =  Q'  x  0.1337/60,  ftVsec 
Vm  =  Q/ttR2,  ft/sec 

iw  =  Manometer  differential  (Inches)  x  factor 

600 

FN  =  vm/yp 

Re  =  VD/S) 

^  =  Value  taken  from  FIGURE  1 . 10j Streeter  (1961)  at 
operating  temperature 

f  =  2iwDg 
Vm2 


A. 2  CALCULATIONS  FOR  TABLE  C-2 

Flow,  lb/sec  =  weight  of  slurry  in  weigh  tank,  lb 

time  interval,  sec 

Q  =  Flow,  lb/sec  / 

Sample  at  pipe  discharge  weighed  and  dried  in  oven 
gives:  x  weight  %  solids 

1  -  x  weight  %  water 


Ct  -  1  00*  — £ — » 
2  <,64 


x  + 
2.64 


(1-x) 


62,43 

tfw 


+ 


100 


vm  =  QArR2  ft/sec 

Yw,  =  Values  from  FIGURE  1.10,  Streeter  (1961) 
for  operating  temperature 

Vv  =  \[L^m  ft/sec 


8 


i,  Re,  FN  as  under  A.1 


A»j  STATISTICAL  PARAMETERS 


1  N 

Arithmetic  Mean  =  x  =  “  ^  x* 

N  i=1  1 


Root  Mean  Square  = 


1/2 


Standard  Deviation 


( x )2 


1/2 


A,,  3 » 1  LINEAR  REGRESSION 

The  best  fit  straight  line  of  the  form  y  =  ax  +  b, 
assuming  that  y  only  is  subject  to  error,  gives  the  following 
expression  for  a  and  b  by  the  method  of  " least  squares" 0 

nlxy  -  £xs:y 
a  —  ^  q 

-  (ix)^ 

ZY  -  asx 
b  =  — — 

A. ^ .2  LINEAR  REGRESSION  OF  TRANSFORMED  VARIABLE 

The  best  fit  equation  of  the  form  Y  =  CXa  is  obtained 
by  taking  logarithms  on  both  sides,  yielding; 

log  Y  =  a  log  X  +  log  C 

Let  y  s  log  Y 
x  =  log  X 
b  =  log  C 

A  linear  regression  on  the  equation  y  =  ax  +  b  can  now  be 
made  using  the  expressions  for  a  and  b  as  under  A03020 


CORRELATION  COEFFICIENT 


The  correlation  coefficient  for  the  y  on  x  linear 
regression  is  defined  as; 


nzxy  -  sixxy 

^[nzx2  -  (s.x)2J  [nxy^  -  (sy)^ 
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TABLE  B-l 


B  1 


MAGNETIC  FLOW  METER  CALIBRATION 


Flow 

Meter 

Reading 

Final 

Weight 

lb 

Initial 

Weight 

lb 

Differ¬ 

ence 

lb 

Time 

sec 

Temp 

°F 

Measured 

Discharge 

USGPM 

Flow 

Factor 

USGPM/ 

Division 

Meter  set  at 

1.823  mv  full  scale. 

100  e0 

1600.0 

1100.0 

500.0 

33.60 

72 

100.10 

1.001 

71o0 

1235.0 

879.0 

356.0 

35.75 

72 

71.77 

1.011 

49.5 

1457.0 

1235.0 

222.5 

31.90 

72 

50.27 

1.016 

Average 

'  ,  0 

O  ft 

«  ft  • 

1.009 

Max.  discrepancy 

=  -0.79$  or  -0. 

80  GPM 

Meter  set  at 

7.58  mv  full 

scale. 

91.0 

1581.5 

1117.5 

464.0 

7.4 

78 

452.34 

4.971 

90.0 

1556.0 

949.0 

607.0 

9.65 

78 

453.77 

5.042 

74.0 

1734.5 

1426.0 

308.5 

6.00 

78 

370.92 

5.012 

30.0 

1583.5 

1347.0 

236.5 

11.20 

78 

152.33 

5.078 

20.0 

1347.0 

1185.5 

162.5 

11.50 

78 

101.94 

5.097 

10.5 

1662 . 5 

1583.5 

79oO 

10.90 

78 

52.28 

4.979 

Average 

©  0 

O  ft 

0  o  ft 

5.030 

Max.  discrepancy 

=  -1-1.33$ 

or  6. 

69  GPM 

Meter 

set  at  3 

.34  mv 

full 

scale. 

10.0 

1184.0 

874.5 

309.5 

100.55 

82 

22.20 

2.220 

5o.o 

1494.0 

1184.0 

310,0 

20.45 

82 

109.41 

2.188 

100.5 

1565.0 

1197.5 

367.5 

11.95 

82 

221.9 

2.208 

Average 

0  0 

0  0 

•  0  • 

2.205 

Max.  discrepancy 

=  +0.68$ 

or  1. 

50  GPM 

' 

TABLE  B-2 

MAGNETIC  FLOW  METER  CALIBRATION  WITH  SAND-WATER  MIXTURES 


Test 

No 

Flow 

Meter 

Reading 

Weight 

Flow 

Rate 

lb/sec 

Temp 

Op 

Vol  % 
Water 

Wt.  Flow 
Rate  x 

Vol  %  Water 

063001 

23.5 

16.18 

78 

93.5 

15.1 

063002 

14.0 

8.08 

78 

93.5 

7.^5 

06003 

21,2 

15.25 

78 

87.5 

13.4 

06001+ 

16.0 

10.70 

78 

87.5 

9.4- 

0600? 

19.7 

15.20 

78 

80 . 8 

12.3 

07020 

21.5  i 

14.6 

79 

80.8 

11.8 

07060 

29.2 

20.2 

82 

93.5 

18.9 

07100 

22.7 

19.52 

81 

76.1 

14.9 

0710  7 

i 

58.0 

M+.M+ 

81 

95.5 

42.5 

APPENDIX  B.3 


GAMMA  ATTENUATION  TESTS  FOR  WATER  AND  SAND. 

These  tests  were  carried  out  by  running  the  scanner 
carriage  to  the  extremity  of  its  travel  distance  so  that  the 
vertical  gamma-beam  cleared  the  pipe.  A  3. 30  cm  diameter  by 
15  cm  long  plastic  cylinder  was  clamped  over  the  1/V’  outlet 
collimating  hole  so  that  the  gamma-beam  passed  along  the 
vertical  axis  of  the  cylinder.  Water  was  added  to  the  cylin¬ 
der  in  5  cc  increments  by  a  precision  syringe  and  through  a 
thin  plastic  tube.  The  amplifier  signal,  E  and  volume  were 
recorded  each  time.  A  factor  of  21.7  cc/inch  was  used  to  con 
vert  the  cumulative  volumes  into  path  lengths,  xw  inches. 

Sand  attenuation  tests  were  carried  out  by  adding 
test  sand  to  the  cylinder  in  5  to  10  gm  increments,  compactin 
and  levelling  the  sand  with  a  flat  surfaced  rubber  plunger 
and  then  placing  the  cylinder  in  the  beam  path  by  means  of  a 
long  handled  clamp.  The  weight  of  sand  divided  by  the  sand 
SG  of  2.64-  and  conversion  factor  of  21.7  cc/inch  gave  the 
length,  xg,  at  zero  voidage.  TABLES  B-3-1  and  B-3.2  list  the 


test  results. 


- 


B  If 


TABLE  B-^.l 


GAMMA  ATTENUATION  IN  WATER 
Temperature  75°  F 


Water 

Volume 

cc 

Distance 

Inches 

xw 

Chart 

Reading 

Volts 

E 

io  fr] 

kw=ln 

0 

0 

3.75 

0 

<>> 

15 

0.69 

3.34 

1.150 

0.1665 

20 

0.92 

3.18 

1.652 

0.1800 

1.15 

3-07 

1.995 

0.1735 

30 

1.38 

2.95 

2.395 

0.1735 

35 

1.61 

2.85 

2.750 

0.1709 

4-0 

1.84 

2.76 

3.070 

0.1670 

4-5 

2.07 

2.66 

3.430 

0.1659 

50 

2.30 

2.56 

3.820 

0.1600 

55 

2.53 

2.47 

4.170 

0.1651 

60 

2.76 

2.39 

4.510 

0.1633 

65 

2.99 

2.31 

4.840 

0.1616 

70 

3.22 

2.22 

5.250 

0.1630 

75 

3.45 

2.15 

5-550 

0.1609 

80 

3 . 68 

2.07 

5.930 

0.1611 

85 

3.91 

2.01 

6 . 240 

0.1595 

Average 

Std.  Dev.  , 

V 

TABLE  B-i.2 

GAMMA  ATTENUATION  IN  SAND 


Weight 
of  Sand 
gm 

Volume  at 
Zero  Voidage 

Distance 

Inches 

xs 

Chart 

Reading 

Volts 

E 

10  M 

k  =lnfEo" 

3  LrJ 

/xs 

0 

0 

3.75 

20 

7.58 

0.349 

3.25 

0.1415 

0.405 

30 

11.3 

0.521 

3.01 

0.2190 

0.420 

35 

13.3 

0.611 

2.85 

0.2735 

0.447 

40 

15.1 

0.695 

2.75 

0.3110 

0.447 

45 

17.1 

0.786 

2.59 

0.3715 

0.472 

55 

20.8 

0.956 

2.44 

0.430 

0.449 

75 

28.4 

1.308 

2.15 

0.551 

0.421 

85 

32.2 

1.48 

2.02 

0.619 

0.418 

90 

34.1 

1.57 

1.91 

0.675 

0.430 

100 

37.9 

1.74 

1.79 

0.739 

0.424 

110 

41.7 

1.92 

1.62 

0.839 

0.437 

Average .  0,433 

Std.  Dev.  ,  .  *  .  .  .  .  0.018 

■  v* 


TABLE 

STANDARD  ABSORPTION  CURVES  -  HORIZONTAL  BEAM 


Top  half  of  Pipe  with  water,  -  temp  =  79°  F„  -  Flow  =  300  USGPM 


Locatio 

Inches 

from 

Chart 

Center 

Line 

n  Chart  Readings,  in  Volts,  Ep  and  InE 

- r 

1222sl 

1222s2 

Test  No 

1223sl  1223s2 

Average 

1223 s3 

3td 

Dev  -> 
*10°3 

% 

Dev 

Average 
%  Dev 

0 

1.88 

.6313 

1.89 

.  6366 

1.89 

.6366 

1.89 

.  6366 

1,88 

.6313 

1, 886 
.6345 

2  0  6 

0,41 

0.5 

1.89 
.  6366 

1.89 

.  6366 

1.89 

,  6366 

1.89 
.  6366 

1.89 

.  6366 

1.890 
.  6366 

0 

0 

1.0 

1.90 

.6419 

1.91 

,6471 

1.91 

,6471 

1.91 

.6471 

1.91 

.6471 

1.908 
, 64606 

2.08 

0.322 

! 

1.5 

1.93 

.6575 

1.94 

.662  7 

1.94 

.6627 

1.94 
.662  7 

1.94 

.  6627 

1.938 

8  66166 

2.08 

0,314 

2  e0 

1.98 

.6831 

1,99 

a  6881 

1.98 

.6831 

1.98 
.  683 1 

1.99 

06881 

1,984 

.6851 

2.45 

0.357 

2.5 

2.03 

.7080 

2.05 

.7178 

2,05 

.7178 

2.03 

.7080 

2.05 

.7178 

2,042 

.7138 

4.81 

0,675 

3oO 

2.13 

.7561 

2.15 

.7655 

2.13 

.7561 

2.13 

.7561 

2.13 

.7561 

2.134 

.7579 

3.76 

0.496 

3.5 

2.23 

.8020 

2.27 

.8198 

2.27 

.8198 

2.24 

.8065 

2.25 

.8109 

2.252 

.8118 

7.11 

0.876 

'+.0 

2.40 

.8755 

2.43 

,8879 

* 

2.41 

.8796 

2.43 

.8879 

2.417 

.8827 

5 ,36 

0.608 

.450 

2.54 

.9322 

2.57 

.9439 

* 

2.57 

.9439 

2.57 

.9439 

2.562 

.94097 

5.06 

0,538 

b  <>5 

2.65 

.9746 

2.69 

.9895 

* 

2  „  68 
,9858 

2.69 

.9895 

2.678 

.98485 

6.11 

0.621 

4,7 

2.8l 

1.0332 

2.84 

1.0438 

* 

2.81 

1.0332 

2.82 

1.0367 

2.820 

1.03667 

i+,3^+ 

0.426 

.528 

4.8 

3.00 

1.0986 

3.00 

1.0986 

* 

3,01 

1.1019 

2.96 

1.0852 

2.992 

1.09607 

6  *bb 

0.587 

E_„ 

op 

3o70 

3,70 

3,70 

3  •  70 

3,70 

*  Air  in  top  of  pipe 


Values  unreliable* 


TABLE  B-^,4 

B  7 

STANDARD  ABSORPTION  CURVES  -  HORIZONTAL  BEAM 


Bottom  half  of  pipe  with  water,  -  Temp  =  79°  F,  -  Flow  =  300  USGPM 


Locatioj 

Inches 

i  Chart  Readings  in  Volts,  Ep  and  InE’ 

from 

Chart 

Test  No. 

Average 

Std 
Dev  p 
x!0~J 

% 

Dev 

Aver¬ 

age 

Center 

Line 

12D2sl 

1222s2 

1223s 1 

1223s2 

1223s3 

l  Dev 

o.5 

1.89 
.  6366 

1.89 
.  6366 

1.90 

.6418 

lo90 

0  64 18 

1.90 

.6418 

1.896 

.6397 

2.541 

0.381 

1.0 

1.91 

.6471 

1.91 

.6471 

1.92 

.6523 

1.91 

.6471 

1.91 

.6471 

1.912 

0  6481 

2.08 

0.321 

1.5 

1.93 

.6575 

1.93 

.6575 

1.95 
.  6678 

1.95 

.6678 

1.94 

.6627 

1.940 

.  6626 

4.61 

0.695 

2.0 

1.99 
.  6881 

1.99 
« 6881 

2.00 

.6923 

lo99 
.  6881 

1.98 

.6831 

1.990 

.6891 

3.195 

0.464 

2.5 

2.04 

.7130 

2.03 

.7080 

2.06 

.7276 

2.06 

.7227 

2.04 

.7130 

2.046 

.7168 

7.18 

1.00 

3.0 

2.13 

.7561 

2.11 

.7467 

2.15 

.7655 

2.13 

.7561 

2.13 

.7561 

2.130 

.7561 

5.94 

0.780 

3.5 

2.25 

.8109 

2.24 

.8065 

2.28 

.8242 

2.27 

.8198 

2.24 

.8065 

2.256 

.8135 

7o  19 

0.884 

4.0 

2.41 

.8796 

2.41 

.8796 

2.44 

.8920 

2.43 

.8879 

2.41 

.8796 

2.420 

.8837 

5.23 

0.598 

.  640  I 

4.3 

2.55 

.9361 

2.54 

.9322 

2.60 

.9555 

2.55 

.9361 

2.56 

.9400 

2.560 

.9399 

8.15 

0  *  866 

4.5 

2.67 

.9821 

2.66 

.9783 

2.71 

.9970 

2.70 

.9932 

2,67 

.9821 

2.682 

.9865 

7.24 

0.734 

4.7 

2.82 

1.0367 

2.82 

1.0367 

2.87 

1.0543 

2.84 

1.0438 

2.84 

1.0438 

2.838 

1.0430 

6.46 

0.618 

.739 

4.8 

2.95 

1.0818 

3.02 

1.1053 

3.04 

1.1119 

3.00 

1.0986 

3.04 

1.1119 

3.010 

1.1019 

11.19 

1.015 

Eop 

3  <>70 

3o70 

3o70 

3.70 

3*70 

TABLE  B-2^2 

STANDARD  ABSORPTION  CURVES  -  VERTICAL  BEAM 
Pipe  with  water,  -  Temp  =  80°  F«  -  Flow  =  300  USGPM 


Location 

NORTH  HALF 

SOUTH  HALF 

Inches 

from 

Chart  Readings  E 

n  and  lnE„ 

Chart  Readings  En  and  i  nE 

Chart 

Center 

Test  No 

P  P 

• 

Test  No 

p 

0 

Line 

1221sl 

1223s3 

Average 

1221s 1 

1223s3 

Average 

0 

1.87 

1.87 

1.87 

o.5 

1.87 

1.87 

1.87 

1.87 

1.87 

1.87 

1.0 

1.89 

1.89 

1.89 

1„90 

1.89 

1.895 

1.5 

1.92 

1.91 

1.915 

1.91 

lo92 

1.915 

2  o0 

1.96 

1.96 

1.96 

1.96 

1.96 

1.96 

2.5 

2o03 

2  o  01 

2  o  02 

2  0  03 

2  o  02 

2.025 

3 .0 

2  0 11 

o 

f — 1 
o 

CV! 

2.105 

OJ 

T—i 

o 

C\J 

2  o  11 

2.115 

3*5 

2  0  22 

2  022 

2  „22 

2.25 

2.25 

2.250 

4.0 

2.38 

2.38 

2.38 

2.41 

2.40 

2.405 

ko?> 

2.53 

2.53 

2.53 

2.57 

2.56 

2.565 

^<>5 

2.65 

2.65 

2.65 

2.65 

2.67 

2 . 66 

4.7 

2.80 

2.80 

2.80 

2.85 

2  „  86 

2.855 

4.8 

3.04 

3.04 

3.04 

3*01 

3.01 

3  oOl 

op 

3o70 

3.70 

— 

3*70 

j 

3.70 

1 

3.70 

3.70 

' 


TABLE  B~^06 


B  9 


STANDARD  PIPE  WALL  ABSORPTION  CURVES  AND  CALCULATED  VALUES  OF  kw 


*  Values  of  Eop  and  Ep  from  TABLE  B~3<,3 


B  10 


TABLE  B^„2 

STANDARD  PIPE  WALL  ABSORPTION  CURVES  AND  CALCULATED  VALUES  OF  kw 


HORIZONTAL  BEAM  -  BOTTOM  HALF 


PIPE  WALL  -  BOTTOM  HALF 


CALCULATION  OF 


Locati< 

Inches 

from 

Chart 

Center 

Line 

sn  Chart  Readings 

Em  and  Eom/Em 

Averag 

^om 

Em 

e 

In 

E 

LE 

opEm 

omEp 

/x 

122001 

Test  No. 

122002 

122003 

In  * 
EopEm 

Path 

Length 

Inches 

X 

kw 

SomEpJ 

0.5 

3.58 

3.50 

3.50 

lo039 

1.029 

1.034 

1.034 

0.6355 

3.893 

0.1631 

1.0 

3.58 

3.50 

3.50 

lo039 

1.029 

1.034 

1.034 

0.6270 

3.832 

0 . 163  6 

1.5 

3.58 

3.50 

3.50 

lo039 

1.029 

1.034 

1.034 

0.6119 

3.724 

0.1643 

2  o0 

3.57 

3.49 

3  °48 

1.042 

1.031 

1.040 

1,037 

0.5839 

3  0  568 

0.1636 

2.5 

3.56 

3.47 

3.46 

1.045 

1,037 

1.046 

1.042 

0.5516 

3.367 

0.1638 

3  oO 

3.53 

3.46 

3.45 

1.054 

1.040 

1.049 

1.047 

0.5062 

2.038 

0  0  1666 

3»5 

3.53 

3.45 

3.45 

1.054 

1.043 

1.049 

1.048 

0,4485 

2.714 

Oo 1652 

4.0 

3.48 

3.42 

3.41 

1.069 

1.052 

1.062 

1.061 

0.3653 

2  O220 

0.1645 

4,3 

3  <>44 

3.36 

3  »36 

0.1594 

0.1648 

0.1615 

lo  820 

0.1619 

*+<>5 

3.35 

3o30 

3*27 

0.1478 

0.1595 

0.1492 

1.4724 

Ool521 

4*7 

3.16 

3ol2 

3  0 10 

0.1030 

0 . 1240 

0.1112 

0,9852 

0,1127 

E 

om 

3  <>72 

3.60 

3.62 

*  Values  of  Eop  and  Ep  from  TABLE  B-3°4 
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TABLE  B-3.8 


STANDARD  PIPE  WALL  ABSORPTION  CURVES  AND  CALCULATED  VALUES  OF  kw 

VERTICAL  BEAM  -  NORTH  HALF 


Location 

Inches 

from 

Chart 

Center 

Line 

Chart  B 

E 

Test 

122001 

teadlngs 

'm 

No . 

122002 

Average  j 

Em 

0 

3.58 

3.60 

3.59 

Oo5 

3.60 

3.60 

3.60 

1.0 

3.60 

3.60 

3.60 

1.5 

3.60 

3.60 

3.60 

2.0 

3.60 

3.60 

3.60 

2.5 

3.58 

3.58 

3.58 

3  oO 

3.57 

3.57 

3.57 

3o5 

3.54 

3.55 

3.54 

4.0 

3.50 

3.5l 

3.50 

4„3 

3.43 

3*45 

0.1608 

0.1629 

*+•5 

3*30 

3.38 

kw 

0 . 1400 

0.1559 

3.25 

3*2? 

'Sr 

0.1380 

0.1435 

Eo 

3.75 

3.75 

3.75 

#  Values  of  E0p 

and  Ep  fr 

CALCULATION  OF  k,„  =  In 


In 

EopEm 

UEomEpJ 


-w 

Path 

Length 

Inches 

x 


EopEm 
^omEp 

'Sr 


'x 


0.6382 

0.6413 

0.6308 

0.6136 

0.5939 

0.5585 

0.5122 

0.4549 

0.3736 


3.916 

3.8932 

3.8320 

3.724 

3.568 

3.367 

3.038 

2.714 

2.220 

1.820 

1.472 

0.9852 


0.1629 
0.1646 
0 . 1646 
0.1645 
0.1664 
0.1659 
0.1686 
0.1676 
0.1683 

0.1619 

0.11+80 

0.1408 
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TABLE  -  B-^,2 

STANDARD  PIPE  WALL  ABSORPTION  CURVES  AND  CALCULATED  VALUES  OF  kw 

VERTICAL  BEAM  -  SOUTH  HALF 


Location  Chart 

Readings 

Average 

Em 

Inches 

from 

Chart 

Em 

Test  Mo 

Center 

Line 

122001 

122002 

0.5 

3.60 

3.60 

3.60 

loO 

3.60 

3.60 

3.60 

1=5 

3.60 

3.60 

3.60 

2  o0 

3.60 

3.58 

3.59 

2o5 

3.60 

3.58 

3.59 

3oO 

3.59 

3.57 

3.58 

3.5 

3.56 

3.55 

3.56 

4.0 

3.50 

3  o48 

3.49 

4.3 

3 .48 
0.1601 

3.43 

0.1521 

4*5 

** 

3*30 

3*30 

4  =  7 

** 

3.28 

3.28 

rp  *** 

^om 

3.75 

3.75 

CALCULATION  OF 


.  m  _ 

EQPEm 


kw=ln 

EopEn 

/x 

Path 

EomE£ 

E0BjE 


pJ 


Length 

Inches 

x 


w 


0.64-13 

0.6233 

0.6157 

0.5914 

0.5579 

0,5110 

0,4440 

0.3591 


0.202 

0,1255 


3.8932 

3.8320 

3.724 

3 . 5684 

3.3670 

3.038 

2.714 

2.220 

1.820 

1.4724 

0.9852 


0.1646 

0.1626 

0.1653 

0.1657 

0.1656 

0.1682 

0.1635 

0.1618 

0,1561 

0.1372 

0.1275 


*  Values  of  EQp  and  Ep  from  TABLE  B-3.5 

**  Values  unreliable 

***  Average  value 


TABLE  B-4 
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RANDOM  VARIATION  OF  GAMMA-RAY  OUTPUT  SIGNAL 


Time  Record  of  output  signal  with  reference  elate  in  position 
Recording  Rate  1*5  inch/minutes.  Voltage  Setting  50  mv/inch. 


TIME 

SEC 

READING 

VOLTS 

E 

In 

E 

TIME 

SEC 

READING 

VOLTS 

E 

m 

E 

TIME 

SEC 

READING 

VOLTS 

E 

In 

E 

0 

2.622 

0 

.9639 

20 

2.625 

0.9650 

40 

2.605 

0.9574 

1 

2 

2.620 

0 

.9632 

22 

2.620 

0.9632 

42 

2.620 

0.9632 

4 

2.615 

0 

.9612 

24 

2.615 

0.9612 

44 

2.633 

0.9684 

6 

2.620 

0 

.9632 

26 

2  O6o6 

0.9578 

46 

2.625 

0.9650 

8 

2.618 

0 

.9624 

28 

2.617 

0o9620 

48 

2.625 

0.9650 

10 

2.615 

0 

.9612 

30 

2.620 

0.9632 

50 

2.622 

0.9624 

12 

2.620 

0 

.9632 

32 

2.632 

0.9565 

52 

2.621 

0.9635 

14 

2.615 

0 

.9612 

34 

2.627 

0.9658 

54 

2.622 

0.9624 

16 

2.617 

0 

.9620 

36 

2.621 

0.9635 

56 

2  0622 

0.9624 

18 

2.622 

0 

.9624 

38 

2.613 

0.9605 

58 

2.615 

0.9612 

Average- 

0.9624 

0.9618 

0.9631 

Stand.  Dev  - 

0 

oOOOl 

0o0029 

0.0027 

60 

2.620 

0 

.9632 

80 

2.625 

0.9650 

100 

2.615 

0.9612 

62 

2.615 

0 

.9612 

82 

2  o  620 

0.9632 

102 

2. 605 

0.9574 

64 

2.617 

0 

.9620 

84 

2.625 

0.9650 

104 

2  0  600 

0.9556 

66 

2.615 

0 

.9612 

86 

2.630 

0.9670 

106 

2.610 

0.9594 

68 

2.610 

0 

.9594 

88 

2.625 

0.9650 

108 

2.600 

0.9556 

70 

2.613 

0 

.9605 

90 

2.615 

0.9612 

110 

2.610 

0.9594 

72 

2.625 

0 

.9650 

92 

2.610 

0.9594 

112 

2.602 

0.9563 

74 

2.620 

0 

.9632 

94 

2.615 

0.9612 

114 

2.610 

0.9594 

76 

2.614 

0 

.9609 

96 

2.617 

0.9620 

116 

2.610 

0.9594 

78 

2.615 

0  o  9612 

98 

2  o  620 

0.9632 

118 

2.620 

0.9632 

Average  - 

0 

.9618 

0.9632 

0.9587 

InE 

Stand.  Dev  - 

0 

.0015 

0o0022 

0.0024 

Overall  Average  -  InE  -  0, 

,9618 

, 
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TABLE  B=g 

PIPE  INSIDE  DIAMETER  AND  WALL  MEASUREMENTS 


Inside  diameter  readings  taken  at  5°  intervals. 


WALL 

THICKNESS 

INCHES 

ID 

Inches 

MEASUREMENT 

AT  ONE1 
LOCATION 
INCHES 

•  01+9 

3.922 

3.929 

3.889 

3.922 

.049 

3.920 

3.931 

3.888 

3.921 

.048 

3.906 

3.933 

3.889 

3.921 

.049 

3.906 

3.933 

3.887 

3.923 

.049 

3.906 

3.935 

3.908 

3.923 

.049 

3.885 

3.934 

3.920 

3.923 

.048 

3.890 

3.930 

3.927 

3.921 

.048 

3.894 

3.930 

3.936 

3.921 

.049 

3.900 

3.929 

3.928 

3.923 

.048 

3.904 

3.928 

3.925 

Average 

.049 

3.919 

3.919 

3.927 

3.921 

3.912 

3.921 

Average  - 
Std  Dev  - 

3.9156 

0.0154 

t 


. 


. 

■ 

TABLE  B-6 
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CHART  DISTANCES  IN  INCHES  BETWEEN  LIMIT  SWITCHES  AND  BETWEEN 


LIMIT  SWITCH  AND  CHART  CENTERLINE 


TEST 

NO 

LIMIT 

TO 

CENTER 

LIMIT 

TO 

LIMIT 

LIMIT 

TO 

CENTER 

LIMIT 

TO 

LIMIT 

i MEASURED 

I  CARRIAGE 
DISPLACEMENT  i 
INCHES 

122406 

2.075 

4.420 

2.225 

4 .420 

123001 

2.075 

4.400 

2.235 

4.420 

j 

j 

123002 

2.080 

4  .440 

2.230 

4.425 

123003 

2.080 

>+.>+30 

2.235 

4.420 

j 

123004 

2.070 

4.420 

2.230 

4.420 

123005 

2.080 

4A30 

2.235 

4.420 

123006 

2.080 

4.430 

2.230 

4.430 

| 

1 

123007 

2.080 

4.430 

2.225 

4.415 

4.485 

123008 

2.085 

4 .435 

2.225 

4.410 

123009 

2.075 

4.435 

2.230 

4.430 

4 .480 

123010 

2.070 

4.425 

2.225 

4 .420 

4.480 

123101 

2.085 

4.450 

2.230 

4.445 

4.482 

123 102 

2.080 

4 .460 

2.235 

4.445 

4.477 

123103 

2.075 

4 .445 

2.230 

4.450 

4 .483 

123 104 

2.075 

4.450 

2.235 

4 .440 

4.482 

123105 

2.065 

4.450 

2.230 

4.435 

4.484 

123106 

2.080 

4.450 

2.230 

4 . 44  5 

4.477 

123107 

2.080 

4 .440 

2.230 

4.430 

4.483 

AVERAGE 

2.077 

4.440 

2.230 

4.435 

4.481 

STD  DEV 
x  10-3 

5.06 

9.7 

3.525 

! 

12.05 

!  2.62 

VERTICAL 

SCAN 

HORIZONTAL  SCAN 

Conversion  Factor  F 

Standard  Error  of  F 


s 


Lc 


)2sl2 


sf 


6.81 


L 

_  4.481  _ 

1.008 

4.435 

dF 

1 

c)F 

t)L 

Lc 

dL 

2s2 

Lc  =  (4)2 

°4i 

to 

Lc 


4  (1.008)2  •  145.0  • 


(_L  ^2 


)  SL- 


Jc 


1/2 


6.8  +147 


1/2 


10“3  =  12,If  =  2.8  *  10"3  =  0.0028 

4.435 


' 
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TABLE  B-2 

PIPE  CENTER  LOCATED  BY  MEASUREMENT 


MEASUREMENT 
Shaft  to  Pipe  Wall 
Pipe  Wall 
Pipe  Radius 
Shaft  Radius 
Total 


INCHES 

0.103 

0,049 

1.958 

0.125 

2.235 


Equivalent  chart  distance; 

2 „ 230  X  1.008  2.21+8 


Difference 


"  .013  or 


0.58$ 


This  is  considered  reasonable  agreement  and  within 
the  limits  of  accuracy  of  the  measurements,, 


' 
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TABLE  B-8.1 
SAMPLING  ACCURACY 

Flow  meter  reading  21059  -  Temperature  79°  F,  -  Flow  15  Ib/sec. 


TOTAL 

WEIGHT 

gm 

DRY 

WEIGHT 

gm 

TARE 

WEIGHT 

WATER 

WEIGHT 

SAMPLE 

WEIGHT 

WATER 

709.45 

444.32 

266.14 

265.13 

443.31 

59.81 

653.72 

435.35 

295.58 

218.37 

358.12 

60.98 

634 • 36 

415.78 

267.89 

218.58 

366.47 

59.64 

573.90 

369.28 

254.26 

204.62 

319.64 

64.02 

561.48 

356.44 

236.81 

205.04 

334.67 

61.27 

601.27 

381.95 

252.56 

219.32 

348.71 

62.89 

582.57 

429.80 

333  <>73 

152.77 

248.84 

61.39 

634.30 

422.47 

289.66 

211.83 

344  0  64 

61.47 

652.41 

408.79 

268.02 

243.62 

384.39 

63.33 

561.37 

3 70 0 90 

253.69 

190.47 

307.68 

61.90 

612.03 

412.78 

298.03 

199.25 

324.00 

61.50 

594.47 

415.08 

298.50 

178.39 

295.97 

60.27 

766.24 

514.93 

408.26 

251.31 

408.26 

61.55 

742.92 

503.35 

359.17 

239.57 

383.75 

62.43 

726.97 

502.40 

359.01 

224.57 

367.96 

61.03 

605.90 

386.62 

248.95 

219.28 

356.95 

61.44 

694.16 

493.35 

358.19 

200.81 

335.97 

59.78 

Average  - 

61.45 

Standard  Deviation 

±1.19 

- 
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TABLE  B-802 
SAMPLING  ACCURACY 


Flow  meter  reading  29.2,  -  Temperature  82°  F,  -  Flow  20  lb/sec « 


TOTAL 

WEIGHT 

gm 

L  4.  C-  , 

DRY 

WEIGHT 

gm 

TARE 

WEIGHT 

WATER 

WEIGHT 

SAMPLE 

WEIGHT 

WT# 

WATER 

562.il 

312.11 

266.00 

250.00 

296.11 

84.43 

605.25 

342.46 

295.43 

262.79 

309.82 

84.82 

583.01 

317.74 

267.74 

265.27 

315.27 

84*14 

500.28 

289.80 

254.12 

210.48 

246  0 16 

85.51 

517.61 

280.04 

236.68 

237.57 

280.93 

84.59 

56lo  62 

301.28 

252.40 

260.34 

309.22 

84.20 

783.57 

473.60 

420.15 

309*97 

363.42 

85*24 

547.53 

327.37 

289.50 

220.16 

258.03 

85.32 

566.39 

313 « 93 

267.89 

252.46 

298.50 

84.58 

483.65 

289.60 

253.55 

194.05 

230ol0 

84.33 

551.25 

338.47 

299.88 

212.78 

251.37 

84*65 

538.09 

332.96 

297.37 

205.13 

240.72 

85.21 

635.25 

398.94 

357.82 

236.31 

277.43 

85.17 

589.63 

394.33 

358.02 

195.30 

231.61 

84.32 

722.40 

415.32 

358.90 

307.08 

363.50 

84.48 

527.69 

289.70 

248.80 

237*99 

278.89 

85.31 

673.68 

405.89 

358.02 

267.79 

315.66 

84.83 

853.21 

489.94 

425.07 

363.27 

428.14 

84  *  83 

721.04 

473.38 

423.41 

247.66 

297.63 

83.21 

807.22 

480.01 

426.93 

327*21 

380.29 

86.02 

733.80 

411.70 

353.93 

322  0 10 

379.87 

84.79 

598.45 

342.36 

300*91 

256.09 

297.54 

86.07 

639.52 

341.82 

290.48 

297*70 

349.04 

85.29 

840.00 

482.10 

420*90 

357.90 

419.10 

85.40 

838.24 

484.72 

424 0 02 

353.52 

414*22 

85.35 

832.72 

485.77 

427*03 

346.95 

405.69 

85.52 

7 25.56 

467*22 

420*  77 

258.34 

304*79 

84.75 

915.30 

503.34 

430oOO 

411.96 

485.30 

84 . 89 

858.03 

491.36 

429*93 

366o67 

428.10 

85*65 

Average  - 

84.92 

Std  Dev 

±1.98 
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TABLE  B  -  2 

SAND  GRAIN  SIZE  DISTRIBUTION 


u.s. 

SIEVE 

NO 

% 

RETAINED 

ON 

% 

FINER 

THAN 

m(d) 

d  ,mm 

d 

0.355 

30 

.8 

99.9 

.526 

.59 

1.66 

3? 

16.7 

99.1 

.  694 

.50 

1.41 

1+0 

34.8 

82 .1+ 

.866 

.42 

1.18 

45 

17.2 

47.6 

1.050 

.35 

.985 

50 

12.6 

17.8 

1.214 

.297 

.  836 

60 

8.2 

9.6 

1.387 

.250 

.704 

70 

5.1 

4.5 

1.561 

.210 

.591 

80 

2.1 

2.4 

1.731 

.177 

.498 

100 

1.7 

0.7 

1.904 

.149 

.420 

120 

0*3 

0.4 

2.079 

.125 

.352 

140 

0.2 

0.2 

2.254 

.105 

.296 

Pan 

1 

0.2 

. 

d  =  Siev 

e  opening  i 

.n  mm 
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T ABLE  C -  1 
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1 

Oli 

F  E  R  i;  N 

T  i  A  l 

T  F  ;V|H 

*  l  N  • 

r  L.O  W 

USGPM 

MEAN 

P 
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Re 

FR 
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f 

READ 

• 

FACT .  ! 

P.R£ 
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vfl. 
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FA 

X 

• 
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F  ACT. 
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50. 
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47. 

00 
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74. 
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7. 
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Flow  meter  reading  21  <,  6  -  Temperature  79°  F 


FINAL 

WEIGHT 

lb 

INITIAL 

WEIGHT 

lb 

DIFF. 

lb 

TIME’ 
sec  . 

FLOW 

Ib/sec 

101+6.0 

868.0 

178.0 

12.20 

14 . 59 

101+5.0 

866.0 

179.0 

12.25 

14.61 

10'+6.0 

86.6.0 

180.0 

12.26 

14 . 69 

1045.0 

866 . 0 

181.5 

12.40 

14 . 63 

1050.5 

867.0 

183.5 

12.40 

14.79 

10+7 . 5 

868.0 

179 . 5 

12.10 

14 . 83 

101+'+ .  o 

868.0 

176.0 

11.85 

14.80 

10+6.0 

868.5 

177.5 

11.95 

14.85 

10+2 . 0 

869.0 

173.0 

11.80 

14 . 66 

10+4 . 0 

869.0 

175.0 

11.80 

14.83 

10+6.0 

869.5 

176 . 5 

11.87 

14.86 

10+7.0 

870.0 

177.0 

12.0 

14 . 75  1 

10+9.0 

871.0 

178.0 

12.0 

14.83 

10+8.0 

872.0 

176.0 

11.8 

14.91 

1050.0 

872.0 

170. 0 

11.9 

14.95 

1047.5 

872.5 

175.0 

11.67 

14.99 

1050.0 

872.5 

177.5 

11.85 

14.98 

1 

Average,  Calculated  14.79 

, 

Actual 

14.80 

Std 

Dev,  Calculated  ±0.13 

1 

Actual 

10.15 

ortlfo 

1 

Flow  meter  reading  29.2  -  Temperature  82° 

F 

FINAL 

INITIAL 

DIFF. 

TIME 

1 

FLOW 

'WEIGHT 

WEIGHT 

lb 

sec 

Ib/sec 

lb 

lb 

i 

981.0 

836.5 

144.5 

6.95 

20.79 

075.5 

837.0 

138.5 

6.70 

20.67 

972.0 

837.5 

134.5 

6.60 

20.38 

981.0 

838.0 

143.0 

7.05 

20.28 

979.0 

839.0 

140 . 0 

6.90 

20.29 

Average 

20.5 

Std 

Dev,  Calculated  ±0.2 

1 

• 

Actual 

±0.5, 

or±2 . 6$ 

CHECK  ON  REPRODUCIBILITY 

Flow  meter  reading  60.0  -  Temperature  79° 
Transport  Concentration  -  2.1  Volume  % 

F 

TEST 

NO. 

INITIAL 

WEIGHT 

lb 

FINAL 

WEIGHT 

lb 

DIFFERENCE 

lb 

TIME' 

seconds 

FLOW 

lb/ 

sec 

DIFFERENCE 

ib 

122303 

122308 

1106.00 

1059.00 

1598.90 

1521.50 

492.90 

462 . 50 

11.15 

10.60 

43.59 

43.63 

0.04 
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C.5  ACCURACY  OF  CONCENTRATION  MEASUREMENT  BY 
GAMMA -RAY  INSTRUMENT .  Cs 

The  standard  errors  of  the  measured  quantities  of 

EQUATIONS  2,12  and  2.16  are  summarized  in  this  section.  The 

standard  error  of  Cs  is  calculated  at  four  points  in  the  pipe 

and  for  values  of  Cs  close  to  actual  test  conditions.  These 

points  and  concentrations  are: 

Distance  from  pipe  center,  inches  ...  0  0.6  1.2  1.8 
Concentration,  %  ..........  .  5  10  30  50 


STANDARD  ERROR  OF  PATH  LENGTH,  x 


x  = 


0000090000 


Standard  error,  sx 


(^X 

_  <3r 


^x 

<^F 


Sp )' 


1/2 


(2.10.1) 


4 

x 


(R2.sR)2  +  (y2°F°sp)' 


1/2.  .(c-5.1) 


All  measured  and 

R  =  3.916" 

F  =  1.008 


calculated  values  are 

sR  =  0.0077,m 
sp  =  0.0028 


listed  below. 

(TABLE  B-5) 
(TABLE  B-6 ) 


y,  inches 
x,  inches 
sx,  inches 


0  0.6 

3.916  3.724 

0.015  0.016 


1.2  1.8 

3.079  1.472 

0.020  0.048 


C. 5.2  STANDARD  ERROR  OF  k  =  ks  -  kw 

ks  =  0.443/inch  =  0.018/inch  (TABLE  B-3.1) 

kw  =  0. 166/inch  sv  =  0.0055/inch  (TABLE  B-3.2) 

w  w 


r 


(Sks)' 


<sk„) 


(C-5.2) 


Standard  error,  s^  - 


1/2 


TABLE  C -5 


ACCURACY  OF  TRANSPORT  CONCENTRATION  DURING  TEST  RUNS 


Test 

No 

Sample  1 

VOLUME  t  SAND 

Sample  2 

Deviation 

from 

Average 

Root 

Mean 

Square 

of 

Deviations 

122303 

1.85 

2.15 

0.15 

122304 

2.69 

2.30 

0.18 

122307 

1.48 

1.88 

0.22 

122309 

2.74 

2.77 

0.02 

12231C 

2.35 

2.46 

0.56 

122401 

6-33 

7»32 

0.50 

122402 

7.16 

6.23 

0.46 

122403 

5.98 

5.55 

0.26 

122404 

26 

5.00 

0.13 

1 

122405 

5.76 

4.67 

0.54 

1 

122406 

3.45 

5.87 

1 0  21 

123007 

9.04 

9.94 

0.45 

123008 

5.94 

6.19 

0.12 

123009 

4.84 

4.82 

0.01 

123010 

3.73 

3-41 

0.16 

±  0.44 

123001 

10.03 

11.77 

0.87 

123002 

10.98 

11.87 

0.44 

123003 

11.69 

11.59 

0.50 

123006 

11.70 

11.20 

0.25 

1 

123101 

IO.31 

12.90 

1.29 

j 

123102 

15.93 

13.19 

1.37 

123103 

15.83 

15.27 

0.28 

123104 

16.62 

15.27 

0.68 

123105 

16.94 

15.39 

0.78 

123 106 

18.21 

16.97 

0.62 

±  0.80 

Overall 

t  0.61 

C16 


=  *  0.0188 
=  ±  0.019/inch 
k  =  0.267  1  0.019/inch 

This  value  of  k  is  used  for  the  17  points  -  1.6’’ 
from  the  pipe  center. 

C.5.3  STANDARD  ERROR  OF  k  =  1.61  kw 

The  values  of  kw  in  the  end  regions  where  y  >- 
were  obtained  from  the  pipe  scanning  tests  (TABLES  3-3*6,  3.7, 
3o8  and  3*9)  and  are  summarized  below. 


TABLE  C-5.2 


y,  inches 
x,  inches 

1.72 

1.82 

1.8 

1.472 

1.88 

0.985 

kw 

.1608 

.1502 

.1100 

.1621 

.1498 

.1238 

.1612 

.1561 

.1375 

.1594 

.1478 

.1030 

.1648 

.1598 

.1240 

.1615 

.1492 

.1112 

.1608 

.1400 

.1380 

.1629 

.1559 

•  1435 

.1601 

.1521 

*1372 

.1275 

Average 

.1606 

.1495 

.1242 

skw 

sk 

.0044 

.0070 

.0200 

.0159 

STANDARD  ERROR  OF  FACTOR,  1.61  =  (^s  _  x) 

k. 


LW 


Standard  error,  s^  51  =  — 

kw 


(sk,)2  +  (ks-sk,  )1/2 


(C-5.3.1) 


kS  w  iVW 

=  ±  0.110,  where  values  of  ks,  kw,  s^s, 
and  s^w  are  those  listed  under  C-5*2. 
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Standard  error 
sk  = 

i.e.  k  =  1.61 


of  1.61  kw  : 


(1.61  skw)2  +  (kw.Sl.6l): 


1/2 


±  0.020  for  values  of  kw  and 

w 

from  TABLE  C-5.2  . 

kw  -  0.020  at  y  =  1.8”  . 


.  .(c-5.3.2) 

at  y  =  1.8" 


C.5.4  STANDARD  ERROR  OF  lne  =  ln(E)  -  ln(Ep) 

The  standard  deviations  of  the  readings  at  the  23 
points  listed  in  TABLES  B-3.3  and  3*4  expressed  as  a  percent¬ 
age  of  the  value  at  each  point  appear  to  be  fairly  random  but 
show  somewhat  poorer  accuracy  in  the  end  regions  as  would  be 
expected.  These  values  are  listed  in  TABLE  C-5.4  and  are 
averaged  separately  for  the  center,  end  and  overall  pipe  areas. 

From  this  table,  standard  errors  are  found  to  be: 

slnE=  slnEp  =  0.00^2  ln(E)  for  y-~  1.6** 

=  0.0063  ln(E)  for  y  >  -  1.6” 


TABLE  0-5.4 

STANDARD  DEVIATIONS  OF  ln(Ep)  FROM  HORIZONTAL  BEAM 

SCANNING  TESTS 


VALUES  FROM  TABLES  B-3.3  and  B-3.4 


Location 
-  Inches  from 
Pipe  Center 

Top 

%  Dev 

Bottom 

%  Dev 

Overall 
Averages 
%  Dev 

0 

0.41 

0.2 

0 

0.381 

0.4 

0.322 

0.321 

0.6 

0.314 

0.695 

0.8 

0.357 

0.464 

1.0 

0.675 

1.000 

1.2 

0.496 

0.780 

1.4 

0.876 

0.884 

1.6 

0.608 

0.598 

Average 

0.45.  ... 

0.64 

0.52 

1.72 

0.538 

0.866 

1.80 

0.621 

0.73*+ 

1.88 

0.426 

0.618 

Average 

Overall 

0.53 

0.74 

0.63 

0.56 
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Standard  error  of  lne  = 


ln(Ep/E ) , 
slne  =  (sing)2  +  (sinEp  )2J1/2 

=  0.0052  [(InE)2  +  (lnEp)2]1/2 
for  ys±  1.8" 


=  O.OO63  [(InE)2  +  (lnEp)2J1/2 
for  y>±  1.8" 

Values  of  s-Lne  are  calculated  for  concentrations  of  10, 

30,  and  5 0 %  at  distances  0,  0.6,  1.2,  1.8  inches  from  the 
pipe  center  as  shown  in  TABLE  C-5-5  . 


TABLE  C-5.5 


y,  inches 

0 

0.6 

1.2 

1.8 

0 

w 

Nd 

5 

10 

30 

50 

ln(Ep) 

0.631+5 

0 .6626 

0.7561 

1.0430 

ln(E ) 

0.5822 

0.5632 

0.5095 

0.8658 

V 

0.0523 

0 . 0994 

0.2466 

0.1772 

slne 

0.0045 

0.0045 

0.0048 

0.0085 

1 

C05.5  STANDARD  ERROR  OF  C< 


The  standard  error  of  Cs  is  calculated  from; 


Sp  2  _  ( 


acs 

din. 


2  .  ,30s  _  ,2 


se)  +  ( 


dCs  \2 


.  sk)^  +  (^  .  sx)  ..(C-5.1) 
dk  Ox 


where  se,  s^-,  sx  are  the  standard  errors  of  quantities 


ln(Ep/E),  k  =  0.267/inch,  path  length  x  are  given  under  the 
preceeding  sections. 
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3C, 


3c,  3c. 


3lne  3k  3: 


are  partial  derivatives  of  the  equation. 


cs  = 


100  lne 
kx 


and  their  values  substituted  in  EQUATION  C-5.1  simplify  to; 


100 
cs  =  — 

15  kx 


•l»2  *  <^S>2  *  < 


lnESx)2' 


1/2 


.  .  . ( C-5 . 2 ) 


The  values  of  each  term  and  computation  of  scQ  at  the  4 

o 

points  and  for  the  4  concentrations  are  given  in  TABLE  C-5°6 
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TABLE  C-5.6 

SAMPLE  CALCULATION  FOR  ACCURACY  OF  CONCENTRATION 

BY  GAMMA-RAY  INSTRUMENT 


Location,  y 

Inches  below 

Pipe  center 

0 

0.6 

1.2 

1 

1 

1.8 

Concentration,  Cs 

5 

10 

30 

50 

x,  Inches 

3-916 

2.724 

3.079 

1.472 

sx 

0.015 

0.016 

0.020 

0.048 

lne 

0.0523 

0.0994 

0 . 2466 

0.1772 

slne 

0.0045 

0.0045 

0 . 0048 

0.0085 

k 

0.267 

0.267 

0.267 

0.241 

sk 

0.019 

0.019 

0.019 

0.020 

1  (slne)2.i0+6  * 

19.98 

20.43 

23.04 

72.25 

2  (lnesk)2  10+6  * 

13.84 

50.27 

308.01 

217.04 

k 

3  (lneSx)2.io+6  * 

8.59 

35.74 

341.14 

1245.41 

k 

I  1,2 

,3.10+6 

* 

40.96 

106.44 

672.19 

1534.70 

100(1 

1,2,3)1/2  * 

.64 

1.0317 

2.51 

3.91 

100 

11, 2, 3 

* 

1.0456 

.9943 

.8221 

.3548 

kx 

—  — 

SC 

°s 

.61 

1.04 

3.05 

11.0 

*  Based  on  data  before  rounding  off  to 

3  significant  figures. 


TABLE  C-6 


COMPART SOM  OP  SAMP  CONCENTRATION  FROM  INTEGRATED 
GAMMA-RAY  CONCENTRATION  PROFILES  (Cs) 

WITH  TRANSPORT  CONCENTRATION  (Ct) 

OBTAINED  BY  SAMPLING  AT  PIPE  DISCHARGE 


Test 

No 

Horiz¬ 

ontal 

Beam 

Vert¬ 

ical 

Beam 

Average 

Sample 

Average 

Ct 

Dev¬ 

iation 

From 

Average 

Root 

Mean 

Square 

Deviation 

122303 

3.12 

2.72 

2.92 

2.00 

0.46 

122304 

2.64 

2.78 

2.71 

2.50 

0.21 

122309 

2.31 

2.02 

2.16 

2.76 

0.60 

1 

122310 

2.31 

2.09 

2.20 

2.41 

0.21 

I 

122401 

5.31 

6.20 

5.75 

6.82 

1.07 

122402 

6 . 06 

6.50 

6.28 

6 .69 

0.4l 

122403 

6.80 

6 .45 

6.63 

5.77 

0.86 

1 

122404 

8.58 

7.35 

7.96 

5.13 

2.83 

12240? 

6.59 

5.73 

6 . 16 

5.22 

0.94 

123007 

9.52 

10.45 

9.99 

9.49 

0.50 

±  1.09 

1 

123001 

IO.72 

11.81 

11.26 

10.90 

0.36 

i 

123002 

10.04 

10.48 

10.26 

11.44 

1.18 

123003 

10.22 

10.23 

10.23 

11.64 

1.41 

123004 

11.56 

9.37 

10.46 

9.50 

0.96 

123006 

9.83 

11.06 

10.45 

n.45 

1.00 

123101 

13.67 

14.82 

14.24 

11.61 

2.63 

123102 

12.89 

13.03 

12.96 

14.56 

1.60 

123103 

14.62 

13-40 

14.01 

15.55 

1.54 

123104 

13.14 

14.21 

13-68 

15.95 

2.27 

123105 

12.52 

14.09 

13.30 

16 . 16 

2.86 

123106 

13.27 

15.22 

14.25 

17.59 

3.34 

±  1.95 

Note:  Tests  with  fixed  beds  have  been  omitted. 


APPENDIX  C 

STANDARD  PIPE  WALL  ABSORPTION  CURVES 
TESTS  £  122001  to  12200^ 


! 


I_ 

1 

i 

• 

_ 

r 

i  i 1 

. 

i 

T 

.  r1  . 

zn 

| 

... 

rr 

- 

1 

!  1 

i 

■f 

L  ] 

JJ 

_ 

r 

- 

„ 

rr 

■ 

T 

r  |  -p 

8ST 

i 

i 

L  ; 

- 

JT 

~T 

.  j 

j 

.. 

l 

— 

r 

n 

j  1 

] 

1 

** 

_i_l _ L! 

"T 

J- 

J 1  ! 

' 

....  1 

— 

: . 

. 

Rb  c 

-  r  , 

-• 

1 

I 

1 

. 

i  i 

Lli  j 

... 

[  r 

i 

S5 ' 

r 

i 

•“  ! 

i 

TT 

_ 

_ 

J 

T  ■ 

| 

H 

l 

r 

T" 

. 

_ 

t-r  -r  i 

9S* 

!  1  1 

■ 

- 

-- 

' 

i 

. 

V* 

' 

1 

~r 

1 

_ 

rr 

•r 

t  f  m  C 

“ 

' 

t 

1 

_ 

4 

- 

i 

— L 

rH~ 

ri 

- -t—  Y  -l  * 

— 

■ 

“* 

| 

H" 

t 

r 

— 

-  c 

1 

T 

“ 

" 

c 

•  c 

— 

t- 

~1 

i 

r 

H 

■ 

- 

f 

- 

^ 

'  r~ 

- 

1" 

"TT 

H 

— 

>? 

rt 

-t — t  — 

4-P 

■- 

T 

J 

• 

■} 

j 

ql- 

r 

- 

r- 

— p 

- 

Hi 

k _ +ip*i 

r ' ' 

T 

- 

-h 

r  c 

r 

c 

c 

H 

— 

t 

pr~p 

■lii 

J 

n- 

r 

- 

... 

• 

A  . 

:r 

T 

— i 

Li 

T 

j  [ 

„j 

1  ; 

J. 

tIT!  1 

in 

T 

j 

I  '  ’ 

T 

"T 

1 

4 

1  ' 

h 

i 

i 

r 

i  n 

IT 

it 

i 

1  j 

-  r 

! 

1  ’l 

iii 

j  i 

.  L 

TT;  T  ‘ 

LL 

1 

TT 

i  r 

rX 

rT 

n 

_ 

1  1 

r 

I 

j 

-f 

I. 

i 

i 

/ 

“  T 

i 

i 

-  1- 

f  I 

_ 

i  i 

i 

-rpr 

T 

i  i 

i 

j 

.. 

i 

* 

• 

1 

; 

i  i" 

"I 

-j- 

..  i... 

±j 

■ 

! 

i 

i 

\  '  i 

1 1 

rr; 

rr 

it 

i  r  ■ 

it 

T 

fii 

* 

| 

r  f  f  v 

i 

4 

i  |  ** 

f 

? 

j 

1 

j. 

J 

r 

T 

. 

ii 

It. 

n 

i 

. 

.  L 

n 

TT 

TT 

1 1  ' 

ri 

! 

! 

i 

mt- 

1 

1 

LJ 

J. 

±j 

_ 

n 

i  ! 

t 

1  .. 

i 

!T-- 

„ 

. 

. 

T 

1 

.... 

# 

r  [ 

j  , 

L_L 

TT 

I 

T  L 

i  . 

L 

'  T 

i  r 

T 

_ 

r 

i 

;  • 

i4: 

i 

i 

• 

i 

! 

' 

M 

c 

r-* 

rr 

T 

1  :  1  |  i  ; 

■  i  ■ 

rn 

. 

i 

. 

!  1  : 

j  ;  1 

j 

1 

„  ; 

i 

i 

[  . 

. 

1  r  ■ 

‘ 

j_L  ■ 

! 

1 

i  | 

!. 

I 

1  i 

1  i 

.  .  . 

H 

_ 

r 

1 _ 

[ 

. 

. 

T 

r 

J 

! 

|T 

i 

_ 

i 

i 

! 

J  : 

I*: 

T 

1 

. 

1  1 

' 

— r 

1 

“ 

T- 

t 

' 

1, 

H 

4 

4 

■ 

i 

i  i 

□ 

~r 

1 

i 

- 

T 

~ 

1 

- 

1 — p 

“ 

" 

hr 

T 

* 

1_ 

i 

-T — 

|  j  ;  1  1 

i 

j 

i 

■ 

T 

"P 

H 

MT 

rr 

-  C\1 

r 

1 

—  — 

Tl 

T- 

-A 

1 

«** 


B 

ipI 


— 

u . 

1 

n 

} 

it 

j 

i  i 

|4-i 

- 

i 

i 

;"'t 

i 

e 

— 

• 

t 

‘  !  • 

;* 

i  r  ■ 

■ 

■ 

4 

~ 

— 

.... 

j_ 

„i_.  j 

1 

i_ 

j 

r 

1  | 

~n 

4 

M 

n 

i 

j 

“ 

TT  ' 

I 

| 

i 

r  m 

5 

r  r 

$ 

1 

1 

j 

1 

J  . 

• 

1 

1  i 

1  j” 

1. 1_ 

!- 

t- 

1 1 1 ; 

'll' 

•’1  h 

i  u ;  1 

1  1 

!  !-fi 

1 

V 

1  !  i  [ 

’  ! 

.. 

J 

i  T'l  1  1 

)  l 

n 

.1  1 

4  j' 

J_1 

"! '  •  “■ 

, .  i  . 

- 

i  ! 

4  4: 

-[  i 

1  1  ' 

f  j 

4-1  U- 

rt 

i  1  1 

r- 

4.n.i 

t 

44  L4~ 

j.  ,i  j .  i . 

t  f 

4 

.  -s _ i _ L _ 1„. 

4.U..J 

;  1 

r~i  *1 

Mil 

' 

i  ;  j  i 

j  1  . 

n 

1  - 

;  i  ■ ;  ;  i 

j 

1  i 

4r!"f- 

T 

144-4- 

j  [ 

I 

4J4  4 

t  1 7  t 

r  14 
rtT 

1 

n 

i  1  * 

i  1  !  : 

;  1 

s 

• 

T~J 

i 

*.  . 

i  r  i 
. .,.  .... — ? — 1-  . 

$ 

\  jf 

1 

'“P  j 

— 

■  j 

— 1 

4:1  ; 

P 

Tf 

1 

■p 

1  :  1 

1  H 

1 

"i 

■ 

i  i 

| 

“  j 

1 

(  { 

1 

i  I 

"‘1 

! 

i 

i 

“1 

| 

j 

4 

j 

- 

1 

'1 

4 

.] 

J 

I 

1 

± 

! 

i 

« 

n 

. 

rt 

4-4 

J 

A 

J 

, 

: 

1  1 

] 

l 

-4 

1 

1 

. 

~! 

■4 

' 

"1 

1  T 

! 

1 

: 

1 

"4 

—4 

! 

! 

1 

| 

1 

J 

4 

i 

4 

- 

{ 

... 

ri 

_ 

— 

: 

~i 

- 

" 

1 

. 

T 

-  -1 

1 

' 

1 

' 

! 

1 

1 

~\ ' 

-j 

•- 

“P 

“ 

1 

1 

4 

■ 

- 

1 

‘i 

— 

- 

r 

1  1 

' 

■ 

T1 

1 

- 

... 

4 

” 

.... 

i 

1 

I 

1 

- 

~ 

.  1— 

~ 

— 

~ 

" 

_ 

. 

— 

+F 

“ 

— 

I  I 

1 

1 

_ 

_ 

4 

r 

. 

- 

“ 

1 

r 

' 

_ 

_ 

t 

- 

n 

— 

— 

| 

' 

- 

- 

4 

4 

■ 

i 

- 

j 

- 

1 

- 

- 

- 

t  ” 

! 

j 

1  ' 

- 

*  M1H9V 


II1HI 


STANDARD 


APPENDIX  C 

ABSORPTION  CURVES  OF  PIPE  WITH  WATER 
TESTS  l  1221S1  to  122^ 


j-fro 


rr 

-- 

. 

■ 

T 

1  i 

Hi: 

• 

1 

[ 

i 

| 

i 

•H 

r  :  . 

— „ 

i]  i  j  2 

- 1 

.t  • . 

L 

; 

L 

i  i 

O 

± 

,  |  j 

L 

• 

1 

i  • 

oo 

. 

! 

' 

[ 

;  n 

i 

1 

rr) 

• 

** 

i  • 

i^v 

T 

VO 

| 

- 

■ 

' 

: 

'  f  1 

i 

1  i 

“ 

r 

f 

\J 

4  ■ 

i 

i 

- 

— 

*  ,  i 

_L 

U. 

. 

i 

1 

r  < 

L 

_ 

- 

H- 

£ 

*T 

F 

1  1  1 

i 

- 

... 

! 

— 

1-  - 

... 

— 

. 

_ 

I 

r 

- 

1 

I’ 

i 

_ 

' 

_ 

_ 

. 

' 

t  :  i 

4 

_ 

I 

■ 

. 

... 

.. 

L 

j 

- 

_ 

_ 

. 

| 

nr 

r 

_ 

1 

u_ 

J 

f 

'  } 

□ 

J 

1 

ri  i 

[ 

4. 

j 

r~ 

1 

_ 

j 

n 

~r 

Tl 

■ 

I 

i 

j 

_ 

j 

~n  ' 

- 

“I 

I 

i 

_ 

- 

i 

: 

i  ' 

I 

1 

i 

-i 

TT 

■  I 

_ 

. 

. 

.. 

- 

r 

_ 

J_ 

. 

f 

i 

1 

• 

111 

' 

1 

"1 

' 

~1 

I 

- 

'1 

“ 

£ 

1 

f_1 

■««»»«»* 
«««**) 

SSfinH  * 


si; 


L.  \ 

“h 

tr 

j 

-!+ 

j 

• — 

- — 

'  J _ L. 

n  i 

X 

i  T 

r 

!  j  !  | 

7 

!  j 

| 

1  1 

l 

i 

r  in 

: i 

7 

J 

l  ~! 

1  1 

7 

i~r 

77 

• 

- 

“ 

i 

. 

XL 

i 

i 

1 

7 

7 

■  f 

X 

7' 

T 

! 

X 

X 

1 

_ i 

1 

.... 

IT 

. 

X 

! 

' 

X 

■ 

71 

X 

' 

X 

j 

_.L  1- 

. 

... 

j 

X 

■  r 

_ _ 

_ 

. 

— 

— 1 — ! — 

O 

i  1 

C\J 

.. 

• 

co 

7 

1 

rn 

• 

1  ; 

- 1 

1 

f 

L.L. 

C\J 

- 

. 

1 

1 

1.. 

7. 

1 

1 

j 

1“ 

. 

. 

;  { 

. 

' 

1 

4 

. 

_ 

■■ 

7 

^  r 

'  rr 

-4— 

i 

7 

1 

X 

7 

. 

7 

1 

1 

ri 

1  1 

! 

X 

1 

XT 

1 

r 

1 

. 

! 

.. 

_ 

- 

. 

.. 

7 

~~ 

r 

1 

n 

.. 

H 

1 

rn 

— 

. 

L. 

L 

... 

1 

_  i 

H 

7 

. 

_ 

i 

X 

_  L 

_ 

. 

: 

L 

X 

r  1  ^ 

j_i~ 

I 

1  1 

!  1 

1 

! 

1 

' 

7 

r 

' 

7 

• 

H  ■ 

rt 

X 

■ 

.. 

: 

■ 

. 

_ 

I 

X. 

. 

j. 

jX 

.. 

. 

1 

.. 

- 

. 

J 

... 

.J 

I  1 

7 

j 

I 

1 

7 

" 

t~‘ 

■ 

nr 

. 

' 

y 

j 

I 

~ 

' 

1 

r7 

...  1. 

1 

_ 

Li  J 

7 

n 

X 

.4 

1 

_ 

■ 

P 

..... 

7 

. 

-{‘I 

.  ri-r 

r 

r 

r  j 

I 

i 

n 

m 

1 

“ 

i 

p 

-1- 

— 

r 

~ 

L 

“ 

!  ! 

1 

. 

f 

■ 

l  1  1 

1 

r 

7 

1 

1 

— 

n 

I 

* 

1 

— 

7 

1 

X 

-1 

• 

"I 

H 

X 

— 

n 

L 

i 

■  1 

7 

. 

f 

• 

— 

' 

' 

. 

x 

'-I 

x 

7 

77 

( 

4- 

V 

7 

-1 

■ 

. 

• 

7 

O 

; 

- 

- 

O 

: 

— 

• 

V 

 ^ 

7- 

r- 

* 

! 

~ 

X 

c 

- 

- 

- 

— 

1 

— 

■ 

- 

-J 

r 

- 

- 

— 

=j 

— 

- 

r~r 

X 

7 

7  ■ 

[  0 

*  - 

nmm 


WWW 


. 

Tt~ 

1 

1 

i 

TT 

1  r 

Tt 

i  ; 

i 

1  1 

\ 

. 

! 

1  i  i 

■  I  i  L 

1 

i 

1  j 

1 

:T 

"  J 

1  I  1 

. 

" 

H 

_i 

i 

J  - 

L 

"I 

■1-  L  ! 

_rt- 

~ 

• 

» 

o 

i 

_  L 

L  • 

~ 

: 

if 

ooV 

:: 

~T\ 

CM 

n 

■1 

c\ 

J 

~ 

1 

“ 

~n: 

~rr 

ID 

r 

— 

-- 

- 

n 

. 

1 

1 

. 

■ 

hr 

■ 

T 

r~ 

i 

rr 

1 

— 

! 

— 

— 

~r 

- 

r~ 

r 

-j — 

4 

□ 

m 

. 

I  i 

~ 

“t-’ 

'"1"  r  :  ' 

_ 

■  i  rr 

I 

! 

,  T 

r1 

' 

} 

. 

n 

j 

I 

— 

. 

[j 

1 

-• 

j  [* 

1 

* 

X 

< 

j 

3 

■ 

~r 

-1 

- 

~ 

i 

: 

- 

— I 

I 

r 

T 

K 

> 

■ 

r 

“i 

T 

—I 

T 

— 

i 

H 

~i 

H 

— 

• 

^  M 

t  1 

- 

— 

on 

TT 

J 

i 

H 

-  ■  . 

- 

-  ■*  -  - 

— 

b 

- 

~ 

- 

rr 

— 

r 

— 

—  * 

-4- 

j 

IT 

\  y 

— 

t 

- i 

J- 

O  fi 

1. 

_i 

OJ  < 

...  - 

i  i 

t-j-y 

* 

I.. 

- 

on 

i  r—i 

r 

~ 

- 

• 

1 

0 

c\ 

1/ 

- 1 

1 

-  1 

1 

iH 

m 

. 

4 

- 

CO 

_ -] 

i 

<D 

s 

Z3 

W 

0 

3 

.  i 

.+ 

-r 

.  i 
_ ■» 

:: 

r 

.. 

_ 

_  t- 

0 

1 

J4 

AT 

—  T 

•4 

r 

L 

H 

- 

. 

- 

m3 

.  ■ 


- 

. 

oil 

7 

i  h 

c4 

;  •  1 

. 

. 

"“3 

7 

1 

i 

n 

4- 

i 

i 

i 

1 

~ 

i 

X 

j 

4— 

i 

~J2  t L 

.  LJ  L 

n 

±r±r 

p 

f  ;  1  [X 

t  ~ 

' 

r4i 

' 

! 

J 

x 

! 

1 

i— i 

• 

CM 

' 

ILL 

i 

1  ! 

c 

j±2 

CX 

• 

: 

*• 

O J 

1 

< 

i 

i 

~ t 

i 

r 

~ 

■ 

"X 

ri 

-  ■ 

_ 

“ 

r  I _ ! _ 

-! 

' 

— j - 

n 

. 

1 

I  5 

"1 

1  1 

_  L 

!  u 

: 

n 

rvi 

• 

VfN 

• 

| 

C\J 

I 

rH 

LX 

.  -4- 

. 

T 

r 

• 

L  . 

n 

W 

:  i  r 

;  i 

!  . 

- 

i 

j  . 

! 

J 

-- 

r  i 

r 

n 

1 

n 

X^ 

Ll 

LL 

' 

X 

' 

- 

■ 

~ 

r 

r 

4 

t- 

' 

|X 

X 

x 

i 

I 

i 

L 

i 

r  1 

i 

L 

1 

■ 

' 

i 

i  i  i 

i 

■ 

X" 

1  Li 

t 

| 

i. 

i 

! 

X 

Li  _ 

Ll 

1 

_  i 

X 

Ll J 

... 

rn  n 

X’ 

XT  '~H 

1 

1 

r  i  ~j 

L. 

L 

4 

J 

_ 

‘  '  i 

x 

x 

LL 

jl 

i 

1 

■ 

. 

ll 

! 

L 

' 

j 

1 

.  . 

“j 

. 

jt 

_ 

1 

XL 

“ 

i 

~ 

i 

i 

' 

+ 

Li 

I] 

' 

L 

. 

ILJ 

n 

X 

JT 

• 

“1 

. .  i 

CL- 

Vv 

n~\ 

r 

r 

i 

1 

L 

F 

mmm 


- 

‘-rr - ~rr~r-~ 

- 

•  - 

-  - 

- 

r-\  ■ 

T? 

•- 

1  ’ 

j 

L_ 

LJ 

■ 

1 

. 

i 

1 

. 

t 

i 

L 

h 

■■ 

_ 

i 

n 

, 

" 

_ 

' 

j 

i 

i1 

— 

l 

m 

~r 

. 

— 

~r 

"i 

■ 

— 

n 

i 

■ 

t 

-LJ  . 

‘ 

H 

n 

r  r 

~ 

H 

-1 

 -  j 

H 

i 

~ 

* 

— 

L 

ri 

1 

■ 

n 

■ 

— i 

“ 

| 

i 

n 

_ 

_ 

“i 

~ 

LJ 

“ 

r 

‘ 

~ 

; 

n 

( 

1 

;j 

L.1— 

.. 

■* 

. 

j.-. 

.. 

_ 

I  r. 

• 

Lj 

j. 

— 

i 

i 

:  .]t!. 

.  l_i 

:i±i± 

1  . 

!  i  ; 

rx 

M 

u.r 

LJ- 

:  T  LX 

i.ltt 

LJ. 

!  1  1  i 

i.l  J  ] 

j  jj 

.  i  I .  L 

:.J  ;  ! 

1 

.  J .  L 

...  .!  _L1 

...! _ 

;  L 1  i 

i  ; 

.  .  1 1 

~U'.P" 

It!: 

m  I  i 

\Q.  .. 

!  ■ 

Vf\ 

-  1  j  ! 

. 

Ml 

, 

- 

~ 

- 

h- 

r 

- 

1— 

r 

! 

□ 

r  I 

1 

i 

]  i 

- 

• 

' 

J- 

t~ 

- 

X 

1 

_  J  _ 

1 

i 

V 

1  j 

r 

4 

LE 

r 

r 

i 

' 

1' 

L 

-- 

t 

“ 

p 

!  ' 

r 

■ 

.. 

1 

u 

«  ■ 

1 

■ 

.. 

j 

i; 

h 

_ 

. 

- 

1 

1“ 

.. 

i 

I 

- !  - 

1  ILL 

t 

uJ 

r 

i 

~r 

L 

. 

H 

.. 

r 

i  ' 

. 

- 

— 

( 

• 

M 

~ 

i 

J  i 

. 

C\J 

L 

CM 

I 

• 

CM, 

n 

1 

CD 

i 

! 

] 

CD 

• 

CM, 

i 

~n 

■ 

-cr 

>- 

lr 

• 

•  hi 

. 

— r 

— 

• 

<r 

VJ^ 

i 

— 

1 

H 

1 

— 

— 

, 

CM 

? 

1 

1 

t 

> 

r  -r- 

i  .  U 

|  | 

X 

. 

APPENDIX  C 

TEST  RUN  ABSORPTION  CURVES 
TESTS  ±  122^0^  to  12^106 


-SMii’da^lso 


■aWGioA 


sanos 


Tim  Ad  id 


I  1 

! 

-  + 

J 

1 

I 

I 

I 

4 

1 

4 

rr 

— 1 — 

P 

n 

1  U 

4—  — 

1 

_ i  _ 

if 

ip 

LP 

i  i 

j 

J-Ll 

— i — " 

- 1 

A 

" 

— 

— 

: 

l  - 

!  j 

.  j 

T  P 

1  I 

.11 . 

L± 

1 

~P 

- 

j 

' 

rr 

[.  .  j 

u 

r  •  * 

— j  j 

'  i 

i 

... 

. 

rt 

■j 

H 

j 

i  _ 

I_. 

r 

H 

_ _ 

; _ 

i — ; 

1 _ ! _ _ 

tH 

'■  • ; 

’ 

rn 

L_ 

u 

_ 

L~ 

— i 

| 

1 

l 

f — 

r 

* 

LJ 

□ 

j.  . 

4 

T 

_  J 

hn 

• 

h 

aJ 

1 

. 

L 

Li 

— — i 

H 

s 

i 

_ 

L 

L<5_J 

_ 

LJ 

C 

P 

n 

L 

S 

r  '  h 

! 

_ 

□ 

> 

1 

□ 

_ 

■  ef 

LJ 

.... 

5.L 

p 

H 

| 

MJ 

~ 

f. 

r  i 

— 

•— 

II 

s 

n 

| 

* 

J 

_ 

/ 

“ 

< 

f 

— I 

— 

i 

r 

— 

1  J 

J 

_ 

r 

_ 

_  . 

/ 

-< 

-> 

- 

* 

f 

F 

~~ 

1 

/ 

/ 

/ 

» 

_ 

r 

y 

H 

M 

. 

i — ; 

■ 

■p 

! 

! — 1 

i — 

1 

/ 

.  i 

_ 

1 

M 

■  . 

1 

4 

i 

i 

n 

■; 

- j 

.  j 

s' 

\  — i 

Ml 

4 — 

H 

t  i 

H 

* 

■ 

□ 

t 

T 

‘ 

. — , 

r 

— J 

n 

— P 

H 

rr 

1 

b 

_ 

1 

n 

Mi 

" 

> 

_ 

i 

I 

.. 

~T 

r 

L  - 

4 

• 

— 

p 

/ 

~t 

□ 

H 

zL 

r 

I 

LJ 

r 

PP 

■— 

h 

_ 

— 

■■■ 

-  ■ — 

— i 

j 

q 

□ 

□ 

r— i 

t 

■ — ' 

■ ' 

■  • 

n 

•  - 

~ 

— i 

— - 

n 

m 

44 

■ 

J 

u 

-  j- — 

— i 

'01 

r 

j 

_ 

_ 

_ 

. 

_ 

_ 

.. 

_ 

r~ 

— 

— 

— 

— 

q 

— ; 

P 

M 

r 

r 

— 

~ 

” 

— 

— 

r 

1 

E 

— 

— 

— 

— 

— 

— 

— 

1 

— 

□ 

— 

P 

-H 

— 

— i 

— 1 

— j 

— 

i  i  ! 

!  rr  i  • 

•  ;  |  ; 

— 

—  p- 

~ 

- j 

1  i  i  !  I  !. 

.1. 

M 

j 

|  ~ 

4 

' 

I  j 

i 

.4.4 

;  , 

u 

:  I 

j 

mi; 

i 

J  ■_ 

L  !  : 

4 

:r 

I  '  1 

. 

| 

~ 

I 

r. 

j 

1  f  i 

tj 

4 

"1 

4 

4 

r 

Jz 

r 

■ 

il 

J: 

p 

i 

h-|- 

;  r] 

1  H 

r  ] 

i 

rl  1 

1 

1  1  1 

!  1 

1 

I  | 

. 

J , 

i  T  r 

.!  j 

41. 

P~ 

r 

rrt-r 

I-  rr 

■ 

1 

Mi 

L. 

TT1 

4  i 

41 

P^ 

1  i  ! 

1  1 

..... 

~ 

‘ 

00 

2 

T~ 

i 

i 

rp 

rp 

o 

< 

4  t 

I 

eg 

LlI 

-  i 

4 

t 

.  r 

i  ~ 

CM 

m 

’ 

« 

p 

X 

rT~ 

T 

- 

44 

r 

"11; 

! 

• 

j 

j 

I 

LA 

1 

o  < 

c 

| 

-(  - 

. 

14 

!_ 

f  L.L 

h 

r 

r1 

■ 

L 

E 

.  i  i 

j . 

“P 

■ 

j 

i 

!  1 

M  i 

!  | 

r  r 

* 

*  f  ; 

P" 

i 

pr 

<rj 

EH 

! 

..  ..09 

\ 

r 

■ 

_ 

-  - 

1  ' 

P  :  • 

^ ,ri_ 

-j- 

j 

1 

._  J  . 

4 

i  i 
TT 

-rp  *  i  ‘t" 

[  ; 

.  ~  ' 

i  ! 

i 

'  J 

1 

4 

pi 

t  ^ 

~h 

4.. 

1 

(T 

j 

' 

-1 

-4 

q: 

.  ,  ^ 

i 

[4 

.  L 

-4- 

j  | 

■ 

I  i 

P 

i  i 

i 

i  * 

Lj... 

P 

j- 

L. 

4 

Ml 

r 

. 

- 

i 

1 

.  - 

..LJ 

n_ 

4 

. 

i 

_ 

i  _ 

... 

\ 

p 

' 

JT 

i 

| 

j-_ 

i 

1 

L. 

j. 

J 

14 

ti' 

4  4 

Ml 

iM 

i 

‘  j 

t  t 

T 1 

' 

p! 

"t4 

” 

.  1  j 

.  :  l.  . 

L 

4. 

!  1 

i 

i 

.  i 

T- 

- 

] 

! 

L. 

. 

.  .  . 

/ 

t  * 

•  i 

4 

4 .. 

~h 

. 

4. 

n 

; 

T 1 

' 

i  H 

P 

!  r 

: 

..... 

— 1 — 

i  1 

f 

44- 

l . 

— i . 

i  r 

i  j 

i  i 

i  i 

-i 

4... 

1 

p' 

+ 

i  J 

j. 

i  1 

(  a) 

L 

I 

M 

IT 

p4 

r-~p 

T 

.. 

\ 

if 

l_L. 

4 

«  | 

.  ■  .  •  _L  . 

Its  : 

1 

| 

_ i.  p_ 

i  -l 

.rp!  : 

4J 

J 

.  I  . 

i 

"i  r 

1 

. 

' 

•  ■  i  r 

\  1 

. 

1 

14 

J.  I 

4t 

4- 

. 

M 

4. 

:.r; 

L  ]_ 

T 

.4 

J. 

. 

iLt 

T 

J 

j. 

j.| 

A  .. 

1 

i 

f 

| 

* 

.pf- 

4_ 

1.  L 

. 

i 

4- 

L 

44 

T 

4 

j. 

Ji 

1 

_ 

■ 

]  i 

-l 

j  j 

u 

+ 

4 

T.j 

1 

1 1 

IHS8ER 


r  r 

} 

i 

i 

I 

!  t  ■  }'  I 

mi  !  i 

1  J  i  .  i 

1 1 1 ' 

i  )'-!“• 

!  :hi 

-  <  44  i 

-1-  7 

i  j 

; 

rtn 

.  J.j 

i  i  -  «  . .  j 

1  |11 

_ __ _ 

T"r 

1 

i — t  •* 

i  i 

1 — 

!  n 

*]* 

11 

• 

i  . 

i 

l_j 

1  : 

Tl 

1 

i 

! 

r  1 

:  i 

T 

i 

L 

1 

1  f 

' 

.LL 

LL 

1  i 

i  r 

i  ' 

4 

| 

i 

- 

J-  L_l  J 

i 

in.: 

■  1  ' 

[ 

!.L 

4  r  7" 

. 

!  | 

i  ■  . 

. 

+ 

. 

(  | 

-4-  -* 

•  : 

- 

.. 

_ 

J4 

_ 

_ 

1  ! 

- 

- 

- 

i  ! 

-4 

T  i 

n. 

j 

4 

14  " 

. 

IT " 

i 

r  ■ 

1 

T 

t4i 

1 

i 

n  • 

1  ] 

i  !  * 

11 

1 

| j 

Li  •  1 

i  1  '' 

M 

4 

! 

44 

__ 

4 

* 

i  ; 

. 

{  ] 

_1  : 

! 

. 

a 

L 

u 

r 

. 

i 

1 

i 

G 

4 

7 

T  i 

i 

r. 

4^r 

LL 

_ 

'71  r 

pi 

4 

H 

X 

L 

1 

■  f 

I:  ' 

- 

44  J 

.. 

~r h 

i  : 

44 

~ 

" 

1  1  r 

~n 

"7  ‘  i 

1 

r 

l 

i. 

I 

~ 

r. 

1 

r. 

- 

v! 

i 

! 

4  j 

i 

1'  i 

i 

l 

+ 

H 

i 

I  'M 

'T  s* 

J- 

1  . 

4 

1  !  > 

4 

— i ■ 

f  - 

i 

| 

+7 

T 

f 

1 

r 

i 

L  | 

7 

i ' 

e 

p 

I 

1 1 

1  i 

:  '/ 

j  I 

_ 

L.  I  i 

- 

I 

1 1 

-1 

i 

([• 

o 

i  1 

I 

'  ! 

h  1 

i 

Ti 

~~T 

t—  r  -  r 

J. 

Jr 

_ 

-4-74- 

T 

■ 

4 

I  1 

Mr! 

4' 

V 

14  H 

< 

/ 

1  rt 

J 

1 

~r 

u' 

/ 

_ 

_ 

_ 

4  ti 

XT 

4" 

/ 

j  !  !. 

iir. 

" 

4_j 

.1  !  1 

•  r  i  -  j 

... 

.  j.  .4 

i. 

I 

l 

_ 

i 

j  1 

:  l 

4 

L 

1  M  - 

• 

rl 

1 

I 

j  '!  V 

1  ; 

i  } 

-  1~i 

prr-i 

_ 

... 

\  j  | 

L 

44 : 

j:  i 

i4 

1 

r  i  n 

I  | 

4  f 

rp  t 

i 

- 

. 

- 

1  :  !  1 

1 1  i 

- 

1  14 

- 

4_ 

.1 

— 1_  .4- 

4. 

. 

_ 

I 

l 

4- 

1 1  1 

r 

n 

:  14  1 

— 

-4- 

4-i 

4  1  1- 

i 

1  ! 

J 

l_i 

. 

.1X1- 

d 

1 1 

1 

H 

- 

— 

—r 

1 

_ 

H 

— 

- 

i-4- 

- 

-j- 

X 

-H- 

■ 

■ 

"1 

i 

i 

i 

l 

!  j 

— j 

j  . 

t 

r 

i 

i 

■ 

rtr 

r  TT 

t- 

r 

L 

— 

T 

i  •  | 

i  '  ■ 

I  [  [ 

r 

r  r  i 

4 

~r 

✓ 

4 

J 

T_ 

H' 

. 

4_ 

. 

. 

T^ 

r 

1 

4 

± 

/ 

.  I  . 

1 

r~ 

r“ 

> 

■ 

!  <  ( 

- 

i 

I 

" 

. 

> 

i 

> 

. 

r 

| 

I' 

_ 

. 

' 

. 

i 

■ 

i 

" 

h 

_ 

1 

— 

| 

- 

~ 

! 

_  L 

T 

“1 

“l 

r 

" 

T 

rr 

— i — | — 

TT 

- 

— 

— 

— 

j= 

7“ 

r 

i 

— M— 

T 

f— 

_ 

“ 

L- j- 

X 

- 

— 

•  * 

~T 

~h 

i 

j 

"1 

' 

|_ 

■T 

— 

' 

4- 

_ 

r 

“ 

~ 

» 

■ 

■ 

u 

4 

- 

•a 

■ 

0  1 

. 

_ 

it 

i 

— j — i — | — 

I  - 

■~“t — * 

1  4  “j 

i  ; 

!  1 

1. 

'1  ; 

■1+ 

.1.. 

_ 

i 

1 

i  | 

T 

T  -j-p 

.1  .  1 

4  ) 

1  t  |  i 

4.4 

1 

r  u 

» 

r 

1 

N 

— 1- 

4- 

-- 

P 

-i  - 

i 

1 

ii 

TT 

-j- 

It  r 

Ti 

tt 

t 

rr 

* 

*1  I 

i 

f 

i 

i 

!  ; 

hr 

□4 

4- 

T 

rrh 

i  j 

i  ! 

4 

Jr 

j 

1 

' 

l  i 

i 

T 

t  t 

4  - 

 J- 

!  ! 

" 

4 — 

L 

. 

4  .. 

— . — 

~r 

* 

ri 

r 

J 

. 

... 

4 

i  i- 

!  ! 

44  

4  j. 

: 

44 

T 

>  t 

! 

i  i..  j 

A  ' 

_ 

4 

- 

1 1 

1 

.4— 

4-4- 

_ i 

4 

u-4 

hr 

;  i 

4  -i- 

1 

T 

'r 

..  - . 

|  | 

j  'i 

JZL. 

i 

.1 

1  . 

. 

Jl 

T 

. 

1  ] 

r 

44. 

_ 4 — 

J 

I 

rr 

4, 

•  “*■ 

IT 

- 1 

IT 

1  1  : 

J — 4 

JJX. 

„ 

— 

44 

•  j  j 

44. 

i  ! 

J  4_ 

ft 

i:r 

. 

j 

!  1 

;  i 

i 

14_ 

:  . 

. 

4± 

j  i 

L 

_ 

i 

T“ 

\  J 

_  4 

p 

T 

n 

i 

- 

4 

4 

i 

\ 

]  i  i 

i 

I 

T 

L\ 

III! 

44 

i 

.  J  J  . 

. 

i  0 

T 

J  1. 

.. 

□ 

, 

: 

r 

1 

1  4 

J  -i 

T~ 

f 

rr 

■--IT 

I 

] 

1 

i  | 

1  1 

h: 

r 

i 

*“] 

f  s 

D  4 

i 

4 

1 

* 

/ 

T  i 

I 

I4 

1 

I 

/ 

J-  _ 

/ 

-tt 

I 

|  ( 

1 

]T_ 

1 

■*!- 

1  T 

Y 

T 

t 

— p 

1  ! 

1 

L 

4  -i 

4\ 

\X 

i 

j  | 

'' 

~4  > 

0  1 

IT 

— h 

~ 

1 

i 

. 

rr> 

L - -  - 

■T 

— r 

' 

T 

— 

i 

i 

i  i 

— *■ 

fl" 

i  i  i  : 

r 

41. 

□  Jl 

I 

44 . 

444  14 

0. 

p 

r  !  rr1 

> 

|  | 

..  Li.  1  1 .1 

L 

H: 

J _ ; 

/ 

... 

4444 

S' 

i 

-  ’  1  4 

i_  |_-i_  ,j_ 

i  i 

\ 

rr : 

14! . 

\ 

‘  4, 

...4.4 . 

r  i  . 

i  i 

1  j 

... 

j  j..hj.. 

It  .  i 

4-- 

T- 

1  1  ,  1  : 

...  i - i 

y 

.j..;.  .  . 

>  1 

r  t 

... i — i  -- h 

r  i  ; 

1  ? 

tT 

Ti 

!  i  ( 

‘  '  “f 

-  i  r  ■  i  J 

T  i 

in 


t 


I  <  1 


SM  IlH.3  iLI\I  S  0 


" 

1 

— 

— 

1 

X 

i 

xtrt 

'X!~T 

i  .  '  !  1  i±H..: . 

,  t  : 

T7  7^7  y 

/  S  /  S  r 

»  '*  •  ✓ 

1“ 

— 

/ 

T 

— -1 — 

— 

“T 

7) 

T 

1 

X  . 

T_ 

— 

_ 

X 

i-\ 

1. 

-1- 

J 

i n 

1 1 

i 

i  j 

1 

] 

I  j 

I 

r 

i  i 

1 

X 

TT 

1 

L 

J 

thh 

r 

i 

1 1 

X 

L 

i 

; 

r  i 

i 

■ 

TT 

r 

V'  } 

_ 

J 

T 

. 

_ 

i  | 

i  | 

1 

ip 

-4- 

— 

" 

" 

u 

1 

i 

| 

■ 

. 

. 

* 

l 

T 

1 

' 

_ 

r 

t 

r 

T" 

" 

“ 

f- 

T 

r 

■■ 

r 

L 

- 

i  1 

T 

“f . r 

•  t*' 
i 

“ 

:  1 

± 

T 

rrr 

_ 

: 

- 

— r 

... 

L 

~\ 

. 

. 

i  f 

1 

L 

- 

"* 

— 

' 

•4 — p 

■ 

H 

-  r± 

- 

TT 

H — 

i 

■■ 

” 

r 

t 

;  I 

- 

r~ 

“ 

_ 

— 

TT 

X 

- 

-T — 

- 

H~r 

l 

~ 

I  i 

1 

ITT 

TT 

. 

- 

TT 

T 

! 

i 

r 

1 

CiIfiC 

)S  T 

IC 

-  J  T-. I  • 

)I  IVfc 

[  L 

lgiomc 

)6 

EJ 

1C 

-  -  -  -  — —  ■  _ _ . 


rm 

•  "1  t  -  ; 

... 

r 

111 . 

H  ]  ! 

j  1  '  ' 

r 

I 

2 

' 

~r 

JS> 

’  1 

T 

f* 

i 

r 

Ji1 

TT 

H 

'  rp 

G 

V 

r 

- 

i  ' 

I  1 

444'. 

..Lu 

r 

f± 

4 

■r 

r~j'  i  *  T 

•N 

- 

... 

.  1 

1 

1  i  1 

M 

) 

1  ! 

f-1 

■ 

— 

JJ  j  I 

f 

"H 

"TT 

— 

n..:4 

r 

"T" 

-~i 

Jjj 

'n 

ir 

T’  I 

i  r 

(  *) 

r— 

i 

i 

r 

1 

.  i 

iJ 

/  i 

1 

! 

I 

] _ i_4— J— 

J_4  ; 

..d±] 

m 

i 

i  1 1  i 

-It-U 

.J 

1 

n 

i  i  t 

* 

) 

I 

1 

_ ;  14  1.. 

i  j  |  j 

j 

t 

M  i  i 

rt 

■ 

fT!  1 

• 

-LLj 

“ 

! 

i 

- 

l  J  i  L 

J_i  ,  . 

ji 

□ 

ri 

LT_  . 

:  i 

1  t  / 

• 

! 

4  ~ 

r 

INI 

in ' 

L l 

1 

IT 

f  1.1: 

\ 

JI 

i  I 

| 

\ 

Ll 

-  ,-i 

t  nh 

I  LJ 

!. 

j 

.  J 

i  ! 

Cc) 

|in:|ij 

■ 

Tii 

Xir 

T'Tt 

i  1  i 

(o) 

C.1  X 

1 1 4  i  , 

•4 

\ 

_.|  D- 

* 

\ 

ELI.  l. 

1J4' 1- 

!  i 

A 

i  1  i 

1— .... 

(  •) 

~~f  .  i 

1 

rm~ 

"i  ~t  j— 

7 

!  i  /  i 

■  i 

ItlT 

U _  / 

Mi' 

J 

*** 

•m* 

fa 

— 

It 

+H 

( 

•y 

i. 

1 

ill 

T' 

i  i 

— 

i  |  ~ 

; 

r 

-i 

t 

■ 

it 

■■“j" 

i 

T 

— 

rt 

T  l 

. 

tt 

. 

1  1 

rr 

i  j 

J L 

:]T 

1  | 

lr 

n  t 

d  r 

i 

|  ; 

L 

n 

4_ 

T 

i  I 

Li 

r 

T  i 

j  I 

r 

,  ! 

i_J 

i_L 

!  t 

7  i 

1 

| 

•  ! 

i  i 

! 

1 

1 

.  -*  - 

I 

4  i- 

r 

rt 

"j  1 

T 

■ 

1 

- 

... 

i_ j 

i 

J. 

hi 

i 

!  i  1 

... 

i 

r 

m  - 

1 

.i 

... .  i 

i  r 

1 1 

Ml 

i  i 

I 

i  '  i 

i 

_ L 

l 

“ 

!L 

Id  : 

■ 

J 

\ 

T 

dr 

1  . . 

~ 

T  T 

l  ! 

i  ! 

r 

rt 

;  !  1 

i 

11. 

±tl 

TT 

i 

T 

1 _ L 

_ 

±r 

i n 

H 

- 

, 

Jj 

nr 

r 

Mi 

'  Q 

4-J-, 

“1 

■ 

T' 

" 

it. 

h 

n 

IT 

TT 

i_ 

( J 

1 

~ I 

i 

,j 

i 

■ 

j 

4 

M 

i 

~r 

.j  .i_ 

n 

■  1 

TT 

i 

‘  ] 

j 

— i 

.  J 

1 

ir 

: 

' 

1 

‘  1  ' 

I  ■  i  !  M 

. -7 

;  1  Hi 

-f-l 

t— j-  ;  -  ‘ 

-■  ; 

T  r 
T~t 

!  M  i 

'rf|. 

t'4  ! 

j  i  ,  1  :  . 

FR4-H 

-  f-4 

i 

.  i — r 

J - »  -  ’ 

1 

Tr 

tHttt 

]  1 

~T— | 

1 

1 

q 

. 

! 

i 

r 

- 

.1. ! 

!  | 

! 

i  * 

r 

.  L 

TffT 

: 

it!;- 

'  1  j  T 

I 

H 

T  l”  • 

'  n 

* 

1 

1 J 

i  i ! 

t  i 

I  j 

-  1  - 

_ 

— 

■;  rl 

— — 

i 

— 

H 

l  ¥  / 

i 

r 

'm 

L. 

1 

; 

l 

I 

! 

Z 

| 

_ 

.. 

t 

n 

V 

1 ' 

— 

‘ 

" 

_ 

T 

1  - 

- 

. 

_ 

. 

1 

1 

\ 

t 

L 

\ 

;  i 

\ 

r  i 

" 

7 

i  i 

1 

_ 1  'J 

| 

I 

71 

... 

C  A 

mu i 


MUS 


1 

n 

.. 

1 

” 

. 

— 

. 

i 

M 

i  j  . 

j 

'  - 

I 

L !  !  i 

i. 

'Ml 

’Ml 

-J...;  . 

1  I 

l 

Tt 

1 


r 

- 

-  ] 

j 

■] 

TJ 

Ttr 

i  i  i 

I : 

■ 

- , 

- 

— 

_ 

u 

! 

’ 

— 

1- 

i 

— 

4  — 

j 

i 

1 

- 

— 

- 

— 

- 

— 

_ . 

~ 

- 

- 

i 

i 

-• 

. 

— 

_ 

1 

- 

— 

. 

.  - 

— 

i 

h 

— 

— 

- 

— 

— 

— 

— 

— 

1- 

— 

_ 

- 

~ 

~ 

- 

- 

- 

. 

_ 

r 

3 

T* 

: 

j 

H 

■v 

i 

- 

"T 

4-  i  - 

n 

- 

-r  — 

^  j- 

ILL 

■ 

h 

H 

h 

n 

L J 

i 

i 

— 

— 

- 

_ 

4- 

_ 

1 

■ 

— 

— 

$ 

T” 

! 

... 

— 

i 

_ j  _ 

““1 

r 

*■ 

i 

TT 

- 

~ 

H 

• 

_ ; 

— 

— 

o  S 

V. 

™  < 
CNJ  UJ 
CQ 

• 

— i 

— 

. 

— 

— 

Ph 

L 

f  « 

: 

!  1  ! 

l. 

i 

1  !  1 

1 

L 

ri_ 

■  i 

1  ‘ 

r 

r 

1  : 

m 1 

x 

f 

J  1 

■  > 

4 

f 

L 

j 

i 

44 

r  j_  i  _ 

4 

r  1 

;  — j — 

I  |l_ 

I  _ 

1 

r-p—r- 

 L 

4- 

■t 

. 

I 

■  i 

4- 

t 

L 

LL 

I 

-1 

4 

I 

j 

■ 

! 

1 

i 

■  t 

L 

2 

4 

r 

r 

• 

rr 

1 

i 

11 

■  i 

II” 

1“ 

"T 

~ r 

' 

| 

( 

1 

J 

j 

r 

j  / 

i 

— 

C#y 

■4  1 

•  ) 

1 

•  1 

1  1  - 

il 

/ 

" 

± 

V  1 

s 

*4  1 

4 

\ 

4  ■ 

□ 

V 

\ 

— 

! 

1 

1  1 

4. 

I 

1  i 

j 

j_. 

!  1 

j  l 

J  j 

I 

_ 

i 

1 

i 

1 

f 

— 

L 

.. 

)  • 

< 

'j- 

id 

4 

1 

1 

21 

j  i 

.. 

! 

4  t 

1 

- 

i 

A  1 

- 1 

- 

-4- 

4 

4 

44 

— 

_ 

mp 


. 

' 

J 

— 

U 

- I 

1 

'  1 

! 

J 

1 

I' 

.. 

1 

f. 

4, 

! 

~T 

.1 

- 

J 

J 

J 

~ 

|  j 

"  p| 

ITJ 

h 

- 

r 

T~ 

■ 

r 

•i  r~ 

i 

"T 

' 

t~H 

— 

— 

- 

— 

■ 

— 

— 

T"H 

— 

h— 

. 

tr 

— j— - 

T — 

• 

— 

r 

— 

— 

'+ 

r 

- 

— 

... 

- 

— 

— 

~r 

1" 

_ 

■ 

— 

— 

.. 

t 

■■ 

. 

t" 

. 

. 

r 

- 

- 

... 

-V 

tl 

— 

i 

" 

H 

4 

+• 

' 

\ 

: 

' 

. ! 

(  # 

... 

_ 

4 

' 

i 

4  J 

1 

— 

r 

- 

-  - 

/ 

9 

“ 

— 

-j 

- - 

O 

I 

- 

-  J 

' 

' 

L 

— 

/ 

-r-r 

_ 

-j  •  H 

(  # 

v 

-■ 

-- 

T 

' 

~ 

- 

- 

/ 

l~ 

— 

_ 

* 

u 

- 

.. 

) 

- 

— 

r 

. 

r 

t 

** 

UJ 

( 

| 

- 

— 

— 

_ L . 

~pL 

- 

1~ 

~ 

— 

— 

- 

- 

— 

— 

— 

- 

— 

— 

— 

— 

— 

— 

~ 

- 

-ft 

I 

— 

- 

— 

— 

L 

r 

— 

— 

- 

- 

— 

— 

r 

| 

- 

— 

- 

— 

— 

— 

— 

— 

_ 

— 

— - 

— 

— 

— 

i 

- 

-1 

. 

j 

~ 

□ 

i 

L_ 

- 

_ 

_ 

-h 

H 

I 

- 

— i 

— 

L 

“~j 

. 

? 

k 

— I 

n 

r 

y 

— 

— 

o 

n-r 

— I" 

■■■1  ■■■< 

- 

— 

I 

□ 

— 

r 

r  •  i 

•  ^  n. 

- 

-j 

— 

_ 

d 

.  . 

— 

- 

- 

- 

_ 

— 

—  - 

— 

— 

- 

-r 

-4-i 

- 

— r— 

• 

— 

u 

■ 

— 

— 

- 

— 

— 

r 

-i 

i  - 

— 

-4- 

-■ 

-r  * 

— 

■ 

j- 

- 

— 

- - 1 - 

- 

' 

~ 

- 

■ 

“ 

. 

_ !  .„ 

“i 

J 

T 

: 

i 

(*) 

i 

Li 

r  1  H 

1 

h-L 

. 

i 

_ 

. 

. 

" 

* 

L 

-j 

' 

• 

_ 

J 

■ 

i 

i 

.  ! 

' 

1 

1 

7  I  I 

i 

$) 

1 

! 

f 

... 

j 

!  i 

' 

- 

r 

- 

1  1 

- 

(  o  ) 

r 

— L 

-Hi  .!  J- 

...  L 

"T' 

- 

' 

~| 

i 

: 

T1 

rp~ 

|  { 

j  '  . 

■ 

| 

1 

T 

j 

- 

1  1 

r~ 

■ 

T 

H 

1 

- 

’ 

I 

_ 

I  1 

1 

8 

L 

_ ' 

< 

.  I 

1 

1 

- 

j 

J 

!- 

L 

- 

I 

- 

s 

- 

LI 

1 

I 

- 

" 

.1 

i 

.1. 

■ 

Ml 

— 

1 

_ L 

„ 

. 

j 

i 

_ 

. 

! 

j 

-I 

L 

! 

-4  -  - 

i 

1 

- 

■■ 

Ml 

iM  |_ 

1 

i 

y 

i  j 

. 

1 

r!' 

i  i 

t 

I 

M 

~ 

T 

J. 

j 

4 

\  - 

t 

1 

~ 

i 

| 

. 

■ 

I 

! 

a) 

L 

1 

i 

\ 

- 

1 

J 

i 

_ 

\ 

P 

4 

1  J 

'  ! 

'  f 

l 

J 

\ 

i 

— 

r  ! — 

i  i 

• !; 

| 

- 

.. 

.. 

.. 

. 

. 

— 

— 

-T~ 

i 

It 

I 

_ 

i 

- 

/ 

... 

— 

i 

| 

1 

i 

- 

‘ 

l 

h 

— 

s 

“ 

in 

■ 

rp 

“ 

T' 

L 

- 

•  ) 

... 

r  r 

~'f~ 

. 

- 

. 

1 

k 

J 

-j — 

/ 

1 

— j - 

• 

1 

7“ 

i 

i 

i 

5 

T 

i 

. 

■ 

M 

M 

P 

1 

f 

_ 

. 

_ 

J 

r 

j 

p 

T~ 

... 

... 

4 

L 

j 

-t  ~ 

~T 

7 

“ 

P 

■ 

i 

■p 

!  i 

’1 — 

— r~ 

1 1 

4 

. 

I 

i  r 

i 

IT 

4: 

. 

... 

; 

— 

“ 

hf 

“H 

7 

— 

” 

I- 

- 

y 

i M 

-t— - 

p 

- , - 

i 

±3 

-]  - 

i 

-T-~ 

««»»** 


s*« 


iNluiSMSo 


SGIrI OS  NO IIVHIM30N0 0 


' 

- 

+ 

I 

j 

I 

i 

~ 

T 

d 

i 

i 

/.  / 

L_  !  i 

i 

i 

i 

;  I 

M 

i 

- 

i 

l 

j 

. 

i__i— ! 

. 

1 

i 

\ '  V 

.YTt 

h 

J 

'i- 

4"! 

■+ 

.4  _ 

H- 

1 1 

j 

!  L 

•  i 

,i 

!  ! 

i 

{ 

i 

i 

-t- 

i 

| 

i 

J.„ 

i 

-i-  j 

4 . 

i: 

.. 

"J~”t 

J 

1 

J  L 

■ 

I 

i 

-4 

i 

J 

j 

- 

... 

l 

.. 

i . 

i 

} 

■ 

i 

..L_L 

1 

: 

M 

ti 

_ 

L 

.  L 

„ 

r 

i 

' 

< 

' 

r 

-  -j 

'  i  i 

i  .-.j 

. 

1 

1 

■  1 

j  • 

r 

-P 

.. 

.. 

lit 

1 

_ L- 

. 

P 

_ 

“p 

■ 

f  ; 

J 

. 

L 

.. 

1 

J 

... 

I 

/ 

1 

:  ! 

P 

p 

i 

I  r 

i 

'T~ 

Jj. 

' 

. 

L. 

i 

4  4 

1 

1 

-4 

- 

! 

tr 

r 

i 

j 

44 

_ 

•41 

j 

i 

1 

dr 

i 

4|- 

it 

- : 

r.p 

p 

/ 

J 

„ 

1 

“i 

1 1 

I  ! 

1  1-! 

1 

T 

"  j 

1 

) 

1 

41.. 

i 

i 

ii 

-  G 

i  , 

.41 

i 

r 

.  i 

1.l. 

r 

.  j ... i. . 

. 

.J.J 

4 

_ 

/ 

j 

t 

1  i 

L 

i 

li 

T 

Ti 

TT 

~p 

- 

— 

i j 

H- 

v 4 

— 

— 

It 

! 

; 

±t 

i 

l 

...!  I 

... 

j 

f  ■ 

l 

i_l_L 

j  J  i 

L 

! 

pi. 

_ 

. 

s 

l.  i 

. 

i 

. 

[ 

i  i ' 

* 

! 

1 

I 

1 

If 

.. 

.. 

.. 

J 

i  1 1 

! 

r 

( 

1  :  ' 

J 

1 

- 

. 

1 

/ 

/ 

1 

J 

J 

1 4  1 

i 

I 

| 

r 

I 

I 

LLJ 

. 

1 

4 

r 

G 

t 

1 

1  ' 

- 

i 

I 

it 

1 

i 

j 

.... 

■ 

j 

L 

1 

i 

*) 

!'ii 

I 

! 

it 

| 

i 

1 

(■ 

1 

i  '■  i 

(  §  ] 

||-[- 

.... 

it 

! 

r 

i 

.i 

:  ! 

4  ' 

i  r* 


J  L 

!  r 

■■ 

!  4 

i 

i 

JX 

. 

H4 

;  'I  ~\ 

i 

:r: 

If 

:rrr 

! 

r 

4  i-L 

i  r 

T-  .4  ; 

1- 

1 

TT 

- 

L_ 

X 

L 

t 

i 

t 

tt 

i” 

! — 

f- 

- 

F 

L 

_ 

I 

1 

p 

J- 

1 

s 

u. 

— 

— 

-J- 

L  . 

l:: 

r 

j 

> 

in 

] 

]  !  i 

i 

T 

TT 

1— 

i 

-f 

1 

- 

_ Li 

L  1 

i.L 

i _ L 

I 

! 

v 

j 

u 

_ 

1 

L 

^ ! 

i 

-i— - 

— 

_ 

.... 

1 

| 

L 

4 

1 

i— 

1 

1  T 

V 

L 

L. 

_ 

. 

_ 

r 

_ 

. 

- 

■  ■ 

. 

“iT 

> 

f 

1 

1 

4 

it 

1 . 

\ 

|  \ 

) 

t 

J, 

) 

■ 

_ 

i 

.. 

r 

-  j 
f 

... 

l 

i 

.. 

i 

T 

f  ■ 

/ 

P 

i~ 

i  y 

~i 

™1 

1 

n 

4 

c 

i 

1 

< 

r 

"1 

s 

_ 

H 

- 

- 

•  -f-j- 

1“ 

- 

•• 

. 

— 

n 

“ 

... 

- 

- 

L 

- 

j 

. 

- 

4- 

j... 

— 

_ . 

i 

4~ 

■ 

i 

. 

j 

. 

... 

— { - 

J-P 

J  .! 

» 

— 1 — 

1  - 

- 

r 

... 

_ 

4- 

-  « 

J 

: 

- 

i  i 

-  -1  1 

.  .  1 

Liid 

_ 

i 

mxr 

3 .. 

L 

H. 

rrr 

1.1  j 

1.1.4 

n 

4  - 

.!  1. 

14 

») 

r  r 

(  i 

1 

±r 

Ok 

I 

.J_ 

n 

1 1 

\ 

1 

..... 

.. 

i 

M. 

r  i 

.. 

i 

. 

1  U  ~i- 

j.i 

J . 

1  J 

f 

1 

i-  -j 

r 

1: 

"j 

1  1 

. 

Li 

I  | 

1  r  ’ 

i 

m  r  ’ 

I 

i  I 

lip 

H 

r  i  t 

. 

Q 

■  !  ! 

...P 

u. 

; 

L.L 

j. 

1  ■ 

1  j 

!- 

T 

1 

j  . 

r-  i 

I 

: 

i _ 1  . 

1 

i 

!  : 

r ; 

T 

i 

i  I 

1 

i  i  i 

LLj 

| 

1  r 

J  L 

1 1 

1 

1 

i  i  1 

j 

- 

+ 

it 

— 

ip 

r‘ 

H- 

rr 

rp 

... 

~t~ 

( 

L 

i 

H 

_ 

j 

r-. 

| 

.. 

. 

- 

: 

. 

_ 

1 

i 

1 

- 

4" 

.  1 

P 

— 

... 

. 

. 

P— 

... 

_ 

f 

P 

: 

■ 

_ 

j 

“ 

I 

■ 

* 

■ 

1 

t 

... 

' 

3 

r— 

— 

-r— 

1* 

J 

L 

- 

. 

u 

_ 

y 

44 

... 

* 

/ 

_ 

_ 

/ 

;  -t“ 

“h 

■ 

k3~" 

. 

y 

/ 

IT- 

J± 

— 

. 

.. 

— 

- 

— 

. 

- 

— 

-- 

— 

— 

— 

— 

— 

|  | 

— 

. 

“i 

_ 

— 

4 

— 

— 

3 

1 

ft 

~ 

T 

_ 

i 

Tf- 

- 

j 

Tl'A 

— 

- 

J 

n^TN 

r> 

| 

— i 

_ 

— 

H 

—i 

H 

-4 - i — » — 

tv  _ 

ft 

p 

H 

1  __ 

3 

— 

_ LJ 

- 

... 

— 

— 

fpr 

— 

-j 

3 

d 

-U 

_ 

H 

’ 

. 

i 

!  ~| 

)- 

-rt'i 

: 

.  . 

.1 

i 

1  ' 

.  *  . 

"t“ 

T 

I  r 

_i  i  ! 

1 

i  '  i 

!  i  1 

:r 

*  i 

nr 

“rT" 

■  ; 

F 

_ 

rr 

~ 

r 

_L 

* 

! 

| 

• 

n 

J 

+ 

!  I 

1 

[ 

- 

... 

_ 

■ 

~F 

h 

‘ 

i 

• ' 

- 

. 

r~ 

r 

■ 

- 

..  Ll 

. 

1  L 

. 

T 

1 

i 

' 

1  1 

~ 

! 

r 

~ 

• 

- 

iT1 

- 

"r 

■ 

_ •  . 

1 

. 

r 

T 

- 

r 

± 

‘  -< 

r 

: 

1 

L 

i 

“T"1 

' 

r 

— 

-j 

F 

— 

U1 

- 

/ 

r 

— 

r 

I 

: 

.... 

— 

— 

y 

: 

i 

i 

'~i 

- 

J 

J_j 

' 

“ 

u 

L 

1 

- 

1 

I 

i 

... 

■  1 

rr 

-  J 

.  i 

i 

.... 

i 

.1 

r 

<  .  J 

_ 

: 

L, 

_ 

_• 

. 

1  ! 

b 

"T-1 

' 

! 

j 

w 

• 

K 

■a* 


1 

+H- 

TT 

it 

—  1- 

-  -J 

!  t 

ir 

-j— t 

!  1 

'  {  ;_i 

±1 

i 

T~*. 

it 

j  1 

-H 

i 

* 

_ 

... 

T 

. 

.. 

L 

“ 

\ 

\  j 

I  !  ’ 

1 

1 

f 

1: 

* 

“ 

— 

. 

( 

l 

‘ 

— 

_ 

1  I  1 

4  i4  ! 

44 

n  ll 

T  1 

•  !  i  ITTT 

.  !  Li.  .. 

• 

X 

if  ;  ; 

f  ;4rr 

ft  !  ' 

flHH 

14  1  k 

f*T  ■] 

*  •  T  T  1 — 

* 

i  !  1  ! 

1  j-  I  i 

- 

r  !  !  j 

1  i  1 

-|vr-j-r 

1 ;rn\ 

f  nX 

— i - 

— 

_ 

L. 

X 

1 

- 

/ 

" 

. 

r 

'  i 

.. 

r 

4- 

. 

K~ 

: 

. 

- 

L 

» ) 

i 

r~ 

""T 

— 

i 

~ 

t“ 

- 

"T 

~ 

■ 

“ 

' 

n 

i 

i 

| 

.  1 

■ 

R 

d 

_ 

' 

: 

1 

— 

~ 

• 

r 

4 

i 

■ 

— 

r 

f- 

■■ 

_ 

— 

_ 

— 

4- 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

a 

- 

— 

- 

- 

— 

- 

44 

_ 

— 

- 

— 

— 

•— * 

— 

— 

y 

~ 

— 

- 

“ 

a  j 

T 

- 

i 

_ 

■ 

— 

r 

— 1 - 

(  ^ 

c 

p 

a" 

o 

i 

j 

- 

pH 

- 

x 

— 

- 

_ 

“ 

i j 

1  1 

— 

-j 

— 

■ 

> 

— 

*■“ 

4 

— 

4j 

\dk%vwm* 


■ 

(  1 

1  ] 

i 

r 

■  i  ! 

l  T 

- 

I 

f 

) 

jJ  | 

..  |  -t 

~ 

' 

r 

I 

rr 

j  i  | 

i  « 

n 

r 

4 

V 

"T‘ 

■ 

— 

' 

- 

r 

T 

if 

“ 

rr 

If 

; 

i  j 

- 

rr 

1 

1 

IT' 

"l 

' 

_ 

n 

\ 

r- 

■-  1  - 

— 

T- 

■ 

“ 

* 

... 

. 

_ ! _ 

rr 

rT 

i 

[T 

~ 

t 

y 

y 

_ 

!  i 

. 

. 

/ 

i 

i 

o* 

i  ■ ! 

rr 

. 

- 

r 

:  ! 

n 

• 

1 

1 

'  l" 

i 

J 

... 

L 

u  rr 

T 

Lj 

. 

,  r 

y 

H 

i L 

- 

1  i 

_ 

_ 

. 

.... 

j 

rr 

~~  T— 

r 

r 

• 

,  i 

_d 

i  ♦ 

1 

i  i 

lL 

,_LJ 

■ 

_ 

r 

r 

■■ 

i 

] 

± 

“ 

i 

: 

FT 

• 

I 

j 

0 

j 

1 

j  r 

.Li 

4  L 

j 

— 

-•r 

■ 

■ 

;  l  ! 

LL 

— j — 

■  i  rr 

V 

.. 

L 

JO 

_ 

■  r 

~ 

; 

.  .  i 

.1„ 

i  ] 

1  •  T  > 

L 

ZL 

i 

j 

1 

F 

N 

i 

[  1  [  ; 

/ 

' 

LL 

j 

!  L  J 

.1. 

LL 

„L  I 

h  _L  j 

i.L 

L 

4  j  i 

- 

i 

; 

1 

... 

1 

ILLLl 

t 

] 

J 

f 

Li  j  1 

•  LL 

t 

j_ 

:  1 

i 

r 

~  ! 

■  T  i 

J 

..j  j 

l  |  | 

t 

yi 

LU 

.7, 

it 

i  T 1 

.f 

1-  . 

Ll  f 

i 

Li  i. 

j 

4  !  1 

J  J  i 

Ll_ 

t: 

;  7  T 

:  . 

1  • 

j 

y 

r 

, 

| 

Ll 

-J 

1 

1 

rr 

i 

' 

; 

H 

T 

- 

1 

r  .■  ! 

! 

1  ■ 

i 

y 

... 

11  ’ 

M— 

F 

_ 

...  .j 

! 

1 

L  ;L 

j 

::t 

T 

- 

r 

~ 

U  L 

■  n 

i 

i 

i 

T 

i 

;  i 

. 

.  i 

L 

■~r 

T 

f 

ij 

~ 

t 

h 

i 

i 

!  i 

| 

4 

rr 

1 

r 

•  j 

ft 

j 

i 

• 

1  , 

I 

~ 

■ 

■ 

.  i 

it  r 

.  

L 

■  r 

f  r 

■ 

' 

u 

4 

j. 

1  t 

r 

■ 

' 

. 

u 

i~ 

1 

— 

yv 

■  r 

T 

* 

7 

“"1 

F 

/  4 

-7. 

T 

\ 

i 

I 

i 

. 

i 

Hf 

~ir 

4 

T 

i 

-!  : 

...  j. 

4 

H 

r  <*\ 

r) 

i 

v  1/ 

I 

_ i 

/ 

■ 

/ 

I 

/ 

L 

r 

~ 

s 

V 

r 

y 

4, 

L. 

i 

F 

r 

4 

+- 

| 

o 

~ 

-4- 

j- 

I  i 

Tp 

i— 

..  1 

l  i 

t  i 

11  - 

-4 

T 

-4- 

_ 

;  ; 

r 

t;X 

i 

— 

^inu&L. 


-mo  a 


SGIIOS  MOlITdi^aOMOO 


1 

J. 

r 

* 

~ 

TT 

- 

■ 

. 

. 

:tn 

— 

-U 

-  —  {—{• — ♦ — 

1. 

- 

1 1 

B±L 

4  j 

'L 

JJ  J 

- 

. 

_ 

L . 

: 

i 

, 

r 

' 

f 

9 

J 

■■ 

. 

X. 

44-;s 

- — ^ 

— j  - 

4244—- 

i:  tcvm 

h— * 

■  (r 

_ / 

/  -  .j 

f  j 

/ 

> 

1  / 

r  _ 

✓ 

-+\ 

i 

.. 

i 

.. 

nr. 

... 

i 

1  • 

i 

“? 

* 

] 

. 

* 

. 

... 

‘  !  1 

i 

•f  1 

.. 

1 

t 

[  t 

1  i 

■ 

.. 

■ 

_ 

j 

ri 

...i _ i 

T 

■r 

• 

i 

! 

r  ; 

1 

r 

4 

: 

! 

I 

!4 

r 

• 

i 

:  1 

_ 

n 

Iti 

r 

- 

-t- 

4- 

i 

' 

' 

. 

_ 

.  i- 

i  i 

1 

• 

i i 

| 

i 

!* 

4  L. 

1 

.  ... 

.1  • . 

, 

r 

/ 

\ 

. 

( 

■ 

r 

■ 

t 

i  ... 

/ 

1 

1 

. 

:  i  i 

.. 

.. 

\ 

~ 

_ 

I!  , 

i  i 

i  ! 

-f: 

i  ; 

_ 1  _ 

# 

:.i 

■ 

V~ 

- 

. 

~ 

"  ■: . 

.. 

' 

T  i-  ; 

i 

> 

• 

1  i 

j. 

_ 

“i 

- 

i 

i 

t 

i 

- 

. 

; 

n 

i 

_.. 

1 

' 

... 

r_ 

] 

.4. 

r 

i 

L_ 

. 

— j 

IE 

. 

, 

Jr 

• 

~ 

1 

. 

' 

| 

■ 

* 

If" 

if 

L.n 

ri— 

i 

i 

i 

rr- 

i 

— 7 — Ti 

(  ! 

..  ._L. 

( 

i  J 

j  U_L 

□4- 

|  ! 

i  i  n 

4  4_ 

pi  t  'i~ 

i  ! 

J. 

rr 

1 

. 

I 

I 

i 

■  ' 

TT 

1 

p 

... 

r 

a  !  ! 

; 

I 

1 

1  li _ i. ! 

_ 

I 

■ 

_ 

i 

1  r  i 

i 

■ 

• 

~ 

i 

_ 

.. 

j 

_ 

i 

. 

i 

P 

1 

"ifT 

rr 

. 

. 

... 

i 

J 

i 

. 

i 

j 

: 

j 

:  1 

f 

r 

i 

IT 

r 

1 

n 

rf" 

1  1 

t  1 

■ 

l 

u 

1  . 

. 

. 

... 

n 

LJ 

jj 

_  | 

j 

f 

l 

. 

J 

_ 

/ 

— 

— 

>— i— 

> 

L  — 

. 

J 

= 

I 

L 

U- 

] 

y 

+■ 

' 

» 

r~ 

~ 

j 

j 

L 

j 

1 

[ 

_ 

? 

H  ’ 

J 

, 

H 

_ 

l_ 

i 

j 

/ 

/ 

- 

— 

— 

** 

L, 

- 

■“ 

-I 

t- 

J_LL. 

H 

■ 

— 

" 

. 

.  .. 

-i 

L! 

J_ 

- 

~ 

- 

- 

r 

■ 

. 

— 

. 

1  i 

. 

- 

1 

i 

i 

_ 

I 

= 

_ 

— 

- 

— 

— 

— 

J 

— 

— 

- 

- 

— 

— 

— 

— 

— 

— 

- 

r 

-- 

- 

l~ 

i 

— 

L 

— 

— 

■  - 

“ 

_ 

*** 

. 

L 

~i 

■ 

_ 

— 

“! 

~ 

- 

“i 

1 

~ 

h 

" 

. 

' 

— 

— 

1 

j 

— 

■ 

" 

_ 

4 

- 

— 

□ 

- 

m 

~i 

IT 

— 

~i 

x 

- 

- 

- 

n 

jr 

— 

~ 

— 

— 

1- 

!  1 1  I  ' 

I  i  l  # 

~rrrr 

;  l 

I 

t 

*T  j  * 

[~]  71 

L  1  .  1 

rr-1 

44±r; 

j  i  j  ]  _i 

J  _L 

4 

.. 

j  _i.i 

L 

1 

.. 

f 

. 

_ 

— 

[ 

! 

t 

\9 

_ 

_ 

. 

• 

i  JiJ 

.. 

j 

\ 

_ 

.. 

R 

i  r 

J 

_ 

n 

i 

• 

. 

{*j 

- 

_ 

1 

^  — 1 

; 

L 

j 

pi 

. 

- 

r 1 

i 

_ 

—  J 

J 

.1 

1 

; 

i 

J 

. ! 

jj 

!  : 

w _ 

i 

-  .. 

-i 
_ l 

z 

_ i 

“i 

□ 

! 

1 

j 

q 

» 

i 

- 

..  1  1 

;  T~  u 

r  i 
i  - 

“1 

in 

~! 

J 

i 

i 

-  ; 

.J 

.111 

T“ 

i 

-1 

1 

_ ) 

1 

■  1 

j 

i 

rj 

u 

t 

jJ 

□ 

_ 

VJJ 

Zt 

J 

~~ 

□ 

i 

_ 

; 

' 

n 

„ _ | 

-  J 

q 

!  rn 

J 

L 

1 

.  : 

1 

1 

J 

; 

J 

J 

i 

_ i 

□ 

-  J 

□j 

J 

\ 

1 

1 

] 

~] 

— i 

_  j 

•  *  1 

’  1 

l 

— 

—  -4 

1 

-  1 

: 

IJ 

H 

i  j 

— \ 

' 

- 1 

v 

I 

1 

: 

j 

■ 

J  J 

1 

n 

“1 

J  : 

I 

y 

)  | 

t 

_ 1 

] 

_ 

\ 

L. 

J 

l _ 

i 

j 

j 

•  1  - 

~ 

j 

J 

J 

s 

J 

□ 

s 

~ 

r~ 

i 

□ 

r 

i q 

— 

\ 

r 

LiJ 

1 _ 

J 

< 

f 

i— 

“ 

J 

: 

—J 

1— 

lJ 

— . 

t 

•J 

— 

JJ 

r 

J 

z 

-3 

\  . 

— 

u 

L 

i 

i _ 

Ij 

j 

- 

L, 

.  . . 

< 

* 

1  ; 

i 

Li  i 

1 

z 

\z 

11 

j 

z 

z 

L— j 

JJ 

ilA 

r 

H 

i 

■ 

- 

j 

t 

i 

_ 

i 

» 

T 

q 

— 

□ 

4 

Vi 

J 

L. 

.. 

i 

QJ 

z 

_ 

1  !  ! 

" 

□ 

I  : 

~~ 

1 

— i 

» -  -i 

J 

Up 

“1 

-  _ 

LLj 

:± 

— 

— 1 

— 

- 

— 1 

— 

" 

— 

— 

~ 

- 

— 

-- 

— 

— - 

— 

— 

— 

14 

■ 

> 

— 

- 

— 

- 

— 

— 

— 

— 

— 

— 

— 

— 

■ — 

H 

— 

— 

— j 

i 

r 

t 

J 

_ 

—■ -i 

: 

L. 

£ 

i 

q 

z 

-J 

J 

r 

•  ^ 

z 

i 

1 

M 

u 

j 

i 

z 

-L 

J- 

z 

1 

h— ' 

It 

— 

z 

•J 

> 

J 

q 

- — H 

■■  ■ 

- 

— 1 

/ 

_ 

_ 

...... 

_ 

J 

_ 

‘ 

— 

_ 

— 

_ 

— 

— 

— 

— 

— 

— 

— 

_ 

r- 

- 

— 

J f 

— 

— 

— : 

j 

■ 

_ 

— i 

— 

— 

— 

— 

— 

— 

j 

•— 

— | 

— 

-- 

— 

— 

— 

— 

— 

— 

— 

jr 

— 

— 

— 

— 

— 1 

— 

— 



• 

— — 

.  - , 

_ 

— 

« . 

_ 

_ 

_ i 

— 

-- 

- 

— 

— 

I 

— 

-- 

— 

— 

-J 

— 

— 

— 

— 

l 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

C 

> 

rz 

— 

i 

— - 

— - 

— 

— 

q 

— 

— 

z 

— 

T“ 

l 

r 

[~i 

— 

_ 

_ 

_ 

_ 

_ 

— , 

r- 

* 

p-*- 

✓ 

* 

— 

- 

- 

— 

— 

— 

— 

- 

— 

— 

- 

— 

— 

— 

— 

— 

— 

> 

*“ 

— 

- 

— 

— 

•  - 

z 

— 

_ 

q 

J  -■ 

T 

I 

z 

t 

* 

_ 

_ 

— 

— 

— 

— ; 

— 

— 

— j 

— 

— 

H 

— 

— 

IT 

4  — 

— 

— 

— 

-T 

j 

— 

• 

— 

— 

- 

— 

— 

— 

— 

— 

- ! 

— 

— 

— 

— 

— 

— 

: 

i 

— 

■  • 

-  * 

i — 

L- 

* 

t 

. 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

— 

— 

— 

— ' 

— 

— 

— 

-- 

— i 

— 

— 

— 

— 

— 

H 

hPr 

-4-  — 

* 

r~ 

— 

u 

P 

— 

u 

1 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

- 

— 

— 

— 

— 

— 

— 

— 

— 

*1 

— 

— 

' — 

"n 

— 

^J- 

—  - 

j. 

' 

i. ... 

UJ 

□I 

. 

■ 

- 1 

zz 

u  - 

■ 

i 

L 

t 

; 

I 

— 

— 

h 

— 

— 

— 

— 

~ 

— 

— 

_ 

Eh 

.j 

_ 

' 

_ 

— 

— 

1 

1 

1 

4J  - 

- 

_ 

T‘ 

S' 

T 

+ 

- 

1 

' 

; 

1 

r  a i 

1  " 

‘ 

i 

— 

“r 

■ 

- 

■ 

1 

J 

i 

“1 

... 

P 

. 

s 

i 

*  r 

/ 

-f 

- 

_ 

— 

... 

— 

- 

- u 

— 

A 

u_ 

— 

H 

— 

~ 

- 

_ 

i 

u 

■ 

■ 

i 

■ 

/ 

- 

1  ! 

1 

, 

/ 

=F 

z 

■ 

L 

■ 

n 

r 

v^, 

) 

~Y 

I 

— 

— 

\ 

=f 

(• 

- 

— 

- 

— 

■ 

— 

— 

— 

— 

-- 

— 

• 

/ 

— 

— 

— 

— 

/ 

I 

-  - 

_ 

I  - 

! 

r- 

— 

IZ 

zb \ 

Lz 

_ 

- 

- 

I 

— 

— 

— 

L 

— 

: ....  fc 

— 

— 

— 

— 

H 

r 

i 

L 

~ 

I 

1 

i 

j 

L 

1 

n 

: 

j 

_ 

in 

: 

.. 

r 

l— 

f  r 

i_i 

-  : 

J  — 

X 

i 

!  1 

n 

r 

. 

r 

i  i 

i 

t 

:j  i 

i 

' 

. 

j  - 

4- 

L 

! 

, 

t  i 

' 

L- 

•— 

r  ' 

i 

i .. 

j 

L 

I 

t-i 

i 

r 

r\ 

i 

*T 

• 

. 

I 

i 

i 

1 

1 

n 

i 

— - 

] 

r 

t 

t 

T 

i 

T1 

J._j_ 

uz 

i— L 

- 

T 

i 

■ 

u 

- 

-1- 

J._ 

T 

~1 

1 

— 

L 

t! 

i 

_ 

l-i 

uJ. 

1 

j 

P 

4 

i 

i 

r  : 

I 

u 

P- 

H — 

J  _ 

i 

[I 

4- 

— f- 

i 

T 

*!• 

_ 

t 

-f— 

II 

.. 

_ 

T 

L 

/ 

i 

r\ 

p 

1 

_ 

-  .. 

| 

i 

-I 

-  •  • 

y 

u 

* 

I 

1  ' 

IT 

i 

4 

_ 

T 

/ 

1  r 

i 

4. 

. 

. 

— 

L  ~ 

j 

■j- 

-U 

— 

_ 

C 

p- 

X 

- 

- 

* 

“1  . 

jl 

4 

V 

- 

' 

... 

y 

i 

- 

X. 

- 

"  n 

T 

1 

•) 

- 

j 

T7 

-U. 

— 

- 

- 

4 

p 

i 

-  A  ... 

_ 

L 

j 

4 

1 

"Q 

_ 

y 

i 

L 

l-J 

i 

/ 

-j-i- 

i 

■j 

fl 

\Z 

f i 

j 

•  ) 

-i — 

, 

i-J 

— 

— L- 

~p 

i 

i 

i 

U 

- 

J 

3 

L- 

— i 

4 

-4 

— 

— 

t 

— 

- 

-  - 

i  r 

XL 

(*J 

JXj  i  - 

/ 

.1  .Li  t 

1 

.  jJXl  _i_J  ; 

rr  t  1 

■  i 

1  '4-  tU' 

_j_ _ L„ 

1 

_ 

■ 

L 

1 

i 

-f" 

- 

H 

r  :  |  r  ! 

L;  j  j 

l 

!  1 

J 

1  ! 

■  ! 

'Ll 

h 

1 

Llj 

J 

-j-it  r 

j. ... 

1  I 

_ 

i 

.1 

1  ■ 

!_ 

i 

J . 

n_ 

i 

_ 1 

1 

r;  i 

rfc 

r 

M 

1 

r  i  1 

i 

I 

1 

i 

. 

u 

_ 

r 

r 

J 

L 

j 

J.j 

T 

r 

J. 

J 

■ 

" 

: 

! 

H 

j 

i 

i 

"1 

] 

i 

;  r  I 

-1 

:i 

. 

— 

■ 

L 

— 

r 

— 

L 

r 

r~ 

r 

1 « 

t 

. 

r 

r 

- 

. 

. 

f 

t~ 

i 

. 

j  ; 

i 

i 

1 

. 

1 

t 

i 

; 

.  - 

L 

i 

“ 

7 

/ 

■ 

r 

' 

T 

L 

_ 

4 

ji 

4 

- 

!' 

} 

. 

1 

nr 

I 

... 

!  \ 

- 

— 

1 

5 

j 

_ 

-- 

i 

— 

L_ 

_ 

- 

L 

. 

- 

. 

... 

_i  • 

J 

- 

. 

— 

— 

— 

— 

- 

f 
1  4* 

— 

- 

- 

— 

— 

— 

r 

— 

~ 

■ 

i 

~r 

_ 

L_ 

“ 

J 

- 

\ 

l_L. 

r 

“ 

“] 

~  i 

I 

L 

I 

- 

J 

_ 

- 

± 

— 

— 

— 

— 

_ 

— 

_ 

_ 

— 

~ 

— 

— 

- 

— 

— 

“1 

— 

— 

~r 

“1 

— 

: 

1 

— 

o 

o 

LTN 

— 

_ 

— 

m 

~i 

_ 

- 

.j 

j 

— 

~ 

— 

_ 

_ 

- 

— 

- 

— 

— 

— 

— 

n 

j 

* 

- 

_ 

- 

- 

— * 

— 

— 

— 

— 

- 

— 

— 

- 

— 

— 

— 

— 

- 

~ 1 

1 

-1 

1 

: 

: 

.. 

- 

n 

— — f— ~ 

■fn 

1 

~r 

i 

1 

i 

4 

L 

l 

-  -4 

<  1 

1 

~ 

-1 

i 

r 

-J 

4 

(  ^ 

t 

' 

' 

/ 

N 

\ 

-L 

-J _ 

i 

^s. 

~i 

T  i 

IV  ) 

!_] 

( 

i 

11 

1 

\ 

. 

1 

]  t 

\ 

■”1 

✓*S 

(  V 

- 

/ 

/ 

■ 

V 

I  i  i 

/ 

^3L  i 

M 

T 

_ 

1 

i.J_ 

ft 

| 

. 

!  % 

- 

... 

j 

: 

t  t 

M 

■ 

Tj 

. 

.. 

1 

i 

n 

i 

iT 

I 

t 

!  ! 

i 

i  •  

i  • i 

14 

r 

4X1 

1 

i  T 

4 

i 

L. 

j 

-] — 

i 

. 

“ 

i 

L 

iJ 

_ 

... 

... 

:  1 

I 

t 

. 

rr 

. 

V 

j 

i 

i 

j 

(®) 

... 

i 

I  • 

T 

, 

. 

r 

. 

t 

Q 

" 

T 

i~ 

— 

- 

r 

~ 

— 

\  — 

— 

— 

H- 

i 

~ i 

-! 

“i 

,:;.T 

Tjj 

■■ 

a 

rr1 

3 

— 

.. 

I 

Jl 

— 

P 

.. 

/ 

L. 

. 

/ 

. 

L 

' 

" 

I 

! 

/ 

J 

$ 

i 

... 

J  . 

J 

J 

_ 

.1 

/ 

_ 

j 

i  • 

V 

... 

_ 

._L !  . 

, 

M  I 

1 

— 

1 

_ 

L 

t 

L‘ 

... 

_ 

j 

jl 

f 

_ 

— 

-- 

~ 

— 

-• 

- 

- 

u 

— 

— i — 

- 

-r 

* 

i— 

- - 

- 

z 

rp 

»> 

- 

- 

... 

— 

— 

— 

— 

— 

- 

— 

•  — 

— 

— 

— 

— 

— 

— 

“ 

.. 

b 

" 

— 

— 

— 

— 

- 

- 

□ 

_  . 

— 

— 

— 

— 

- 

— 

— 

- 

- 

- 

— 

T 

■ 

— 

O 

\r\ 

o 

" 

m 

— 

~ 

L 

_ 

— 

- 

— 

— 

- 

- 

... 

_ 

— 

— 

— 

— 

“ 

— 

1- 

- 

■ 

— 

— 

_ 

— 

— 

i  n 

3  tj 

~i  T rr 

i"  i'l'T 

i  •  ti 

’ V  » P 

' '  '  N 

i  r  rr 

rr:'-: 

1  i"!  1 

:d±t 

144-1 

lift 

’ 

/ 

<2) 

-4- 

tfct 

i 

L. 

r 

t— 

i 

r 

-r 

— 

i 

- 

..1 

4- 

L 

i  j  i  j 

)  1 

: 

rt 

l- 

L 

L 

' 

U  IT 

»  1 

! 

1 

ht 

l  i  t 

j.-.. 

!_ 

rjT 

-  t  - 

i 

i~ 

1 

^  -  r~ j — 

LL 

1 

■ 

■ 

i 

r 

— 

I-- 

~r 

L 

r 

\ 

- 

7 

> 

L 

— i — 
i 

| 

_ 

! 

i 

r 

(0 

-• 

3 

i 

"T 

44 

•T 

- 

L 

I 

! 

1 

/  ! 

i 

ti  - 

”1 

i 

/i 

i 

i 

n 

-4- 

j 

— 

• 

— 

— 

— 

L- 

.. 

t— 

-I 

x 

_ 

— 

— 

— 

— 

■ 

— 

• 

i — 

— 

— r- 

' 

f 

__ — . 

— 

— 

— 

/  1 

... 

i 

■ 

r 

-i-L 

— 

-- 

— 

— 

L 

— 

— < 

... 

— 

_ 

_ 

_ 

_ 

i 

1 

r 

t 

V 

_ 

it 

— i 

! 

.  L 

| 

+ 

j 

r 

-r 

i 

.. 

Vv 

_ 

.  1 

1 

(«) 

—  r 

i 

f 

f 

i\ 

i 

T 

\ 

— r 

1 

1_ 

1 

(  Q) 

♦ 

i 

1"  1 

... 

— +* 

— r 

1 

. "  . 

1 

 j 

r 

I 

T 

— r 

f 

i/ 

j 

"L 

/ 

i 

”1  “■ 

1 

_ i 

.. 

| 

.. 

7  1 J 

. 

j 

.L 

rn*' 

TT 

1  j 

V 

J.  I. 

) 

..LJ. 

J  4_ 

1 

-  -a 

I 

i 

i 

-J 

"1 

,  j 

i 

1  1 

1 

1 

j 

1 

_ 

- 

! 

J 

j 

1  > 

\1 

| 

1 

“ 

“ 

• 

_ 

{ 

\ 

1.  1 

! 

;H-H 

" 

_ _  ft 

7) 

■  r 

j 

1 

”T’ 

i 

“ 

Vs— / 

f 

J 

( 

i 

1 

■■ 

‘ 

. 

v 

r 

/fir" 

i 

l 

H  j  . 

}  , 

1 

.  .'  J 

~ 

J  i 

I4_ 

-  ! 

( 

•  ■ 

i 

~\ 

!  1  i 

-LA  ! 

i  j| 

_ 

i 

-  i 

-4 

rf 

\ 

J 

• 

• 

i  i 

"j 

j 

•*T  ‘r 

o 

2 

m 

J  _ 

o 

CO 

j 

t-J 

-> 

7  O 

1 

l-£ 

!  1 

: 

—  ^ 

1  ! 

1 

T 

. 

.. 

A 

, 

L 

i 

c 

; 

> 

Li 

s, 

LL 

| 

r 

t 

-i— 

— 

\ 

| 

t 

1 

4 

1 

i 

J  „ 

j 

L  . 

> 

L 

. 

J 

n 

u 

h 

■ 

s 

• 

i 

t  i 

2 


to 


o 


fo  Ui 


Cvl 


CG 


O 


< 


o 


z 


H 


H 


0)  cr 


LU  LU 


> 


H 


■  |  r  ;  _  _  | _  [  I  •  '  '-I 


1—1 

M 

‘  t  1 

1 

— - 

i 

_ 

A 

r|. 

Tt 

- 

ILl 

. 

“H 

j 

— 

j 

— 

- 

j 

-f- 

— 

— 

— 

— 

— 

— 

-- 

1 

—  — 

/ 

{ 

c 

n 

J — 

—i 

— 

1 

_ 

. 

— 

— 

—J 

L 

— 

- 

— 

: 

_ 

— 

— 

-- 

— 

— 

— 

— 

_ 

— 

— 

v 

_ 

h 

□ 

— 

— 

— 

- 

— 

— 

— 

- 

I 

=! 

t 

J 

— 

- 

< 

— 

■ 

L 

— 

— 

- 

— 

r 

— 

** 

— 

— 

■ 

' 

— 

— 

— 

n 

— 

1-- 

" 

— 

.. 

4-- 

— 

— 

r 

/ 

— 

— 

i-— • 

4 

— 

- 

— 

•*  1 

zrH 

* 

:r- 

r. 

L 

l 

b- 

-m- 

* 

.  i  ■ 

~  \  >  i  !  j  '- 

- 

i 

i 

V 

-  . 

t 

. 

t 

rh 

l  i 

r 

» 

i  j 

! 

j 

t~ 

i 

| 

.. 

r~ 

f 

i 

L— 

- 

. 

LJ 

\  f 

1 

i 

-4 

_ 

tr 

_ 

. . 

■t— 

i 

1 

b 

L_ 

v  •v 

v-A 

t 

V 

i 

! 

~ ! — 

1 

> 

L 

”7 

j  V 

1 

/ 

i  / 

I 

* 

j 

1 

l 

L 

1 

1 

1 

i 

: 

* 

j 

i 

1 

_ 

i 

1 

r  i 

i 

L 

. 

! 

t 

— 

i 

■  / 

1  / 

j 

i 

i 

1 

i 

J 

iY 

f 

i 

i 

“1 

!  | 

Li 

.1  _ 

o 

/ 

C 

/  i 

r- 

n 

1 

=t 

j 

. 

"t — 

H 

- 

“H— 

..I.  ■. 

T 

-1 

— 

— 

- 

1 

i  ^  1 11  •  i.  — _ . 

|“T“ 

f 

. 

t 

- 

~hr 

- 

— 

•— < — 

‘■‘P 

.... 

_ 

j 

— 

— - 

• 

— 

hr 

_Li 

rt 

!  i 

— 

~L_ 

L.  J. 

-4.- 

~T 

/ 

' 

u- 

IX 

! 

~r 

# 

-L 

4 

4-- 

! 

■ 

— 1  - 

1 

IT. 

-< 

i  i 

] 

i 

— 

1  • 

1 

-L 

L— 

u 

. 

-1 

~ 

T 

|4- 

— 4-  — 

/ 

— 

_ 

_ 

J 

X 

rt 

Vj 

• 

——4 — 

-4- 

! 

- 

L 

/ 

'V 

i 

f 

i  > 

h 

1 

r 

-4 

' 

( 

~T 

... 

- 

-4~ 

1 

; 

—J 

1 

iTJ 

i 

LL 

L 

(  *4 

n. 

" 

/ 

!  ~ 

r 

jT 

— 

“7" 

_ L 

H 

. 

•* 

111 

_ 

- 

I 

~~ 

ra 

_ L _ J _ 1. 

*  i 

II I 

I  *  • 

1  | 

.  i . 

rt 

i 

. 

_ 

z 

.. 

-H 

— 

1 

' 

1 

1 

— 

1 1 

... 

.... 

. 

- 

! 

| 

_ 

“ 

j 

— 

! 

r 

... 

i  [ 

i. 

L 

. 

.  L 

.... 

r 

.. 

r 

i L 

ir 

... 

—t— 

. 

J . 

_ 

. 

J* 

± 

□ 

□4 

T 

i 

rP 

n 

1L 

_ 1 

n~ 

_ 

i 

- 

H 

~ p 

TT 

i 

** 

\ 

i 

_ 

- 

— 

~T 

-j— 

— 

— 

._r_ 

— 

44- f 

- 

! 

j  j 

— 

— 

— 1- 

— 

— j- 

-+- j— 

— 

— 

— j— 

— 

i 

_ 

iz 

T 

_ 

— 

_ 

_ 

_ . 

- 

— 

4- 

r 

... 

— 

— 

— 

-1 

_ 

*) 

— 

_ L 

_ 

— 

+ 

-  - 

i 

—  4- 

. 

1 

1 

"1 — 

- 

I 

i 

T~ J 

— 

_ 

r 

i 

■ 

1 

U 

_ 

T 

i 

_j_ 

T 

— 

r- 

b 

.1 . 

' 

S 

,  •  , 

~ 

hj 

. 

,-"l 

. 

! 

■ 

j 

_ 

.. 

Lj 

L 

l 

f 

. 

‘ 

1 

— 

■  T 

4 

... 

J 

t 

« 

J 

' 

r 

1 

_ 

"1 

J — 

u 

■ 

i 

i 

■ 

■ 

~ 

HH 

v. 

~ 

: 

”1 

• 

j 

_ 

u 

L 

“ 

! 


- 


- 


mmrnmmm 


3 

■v 

X 

y  r 

— 

\ 

\ 

r  [  5 

r 

Ti 

1  i 

•4  l 

:  n 

s 

1  | 

c 

IX 

" 

_ 

— 

i 

1 

r  i 

1 

ft 

■ 

-f 

_ 

J L 

1 

_ 

r 

i 

■ 

■ 

X 

C  * 

L 

1 

— P_ 

,  r' 

• 

“T" 

X 

/ 

r] 

j 

i 

t 

X 

/ 

~ 

“ 

- 

/ 

C®7 

I 

i 

y 

( 

S. 

r 

j 

i 

Lj 

i 

j 

l 

/t 

& 

( * 

) 

! 

i 

/ 

| 

S 

1 

/ 

! 

” 

1 

* 

■ 

(* 

/ 

n 1 

_ 

_ 

; 

_ 

r) 

"j 

1 

i 

r 

• 

1 

I 

i 

L ! 

_ 

f 

♦ ) 

if 

1 

\ 

i 

r 

- 

i 

jr 

X 

/ 

£ 

\ « 

* 

1  I* 

~ 

i 

L_ 

i_ 

- 1 

r 

i 

( 

*  i 

_ 

-J 

r. 

\  — 

— 

/ 

— 

_ 

\ 

. 

-! 

1 

— 

± 

(  # 

y 

i 

- 

1 

_ 

i  IT" 

“ 

— 

-- 

- f 

V 

—I 

> 

— - 

(  # 

—  4 

_ 

( 

X 

• 

- - i — 

/ 

— 

— 

~V 

— 

i  ' 

n 

t  j 

1  ’ 

~i  ' 

It 

; 

»— 

!  ; 

H 

.. 

I 

1  ! 

. 

- 

r~ 

- 

- 

1- 

F 

. 

- 

^ _ l 

— - 

— 

i  4.  !  !  • 

- _  U‘  . 

■ 

X*) 

•-hr 

-’I— 

— 

— 

- 

-  —  ■ 

— 

- 

- 

- 

Ly 

_ 

ui 

-  - 

- 

-i 

■— v_ 

rr  1 

r* 

- 

— 

'  ■  .  ’ 

Li . 

J— - 

—• 

(  %  \ 

- 

-p 

- 

— 

- 

— 

— 

— 

... 

— 

- 

— 

— 

/  : — 

— 

... 

t-  • 

— 

- 

4 

r 

r 

— 

— 

_ 

— 

— 

— 

- 

— 

/ 

— 

4- 

n 

/ 

i 

tu 

#»  1 

m 

*1 

V 

j- 

1 

-b 

sc  Ul 

- 

H 

\ 

- 

-  -r— 

i 

.a : 

- 

• 

— 

- 

c 

/ 

i*r 

n 

— 

-  ™  LU 

O  J 

_ 

- 

_ 

CO  1  .. 

f 

- 

— 

- 

-- 

c\ 

-  ™ 

•  <1  •  n 

L_  r>  LJ 

? 

| 

S 

-- 

Li 

#y 

•  cm  LU 

6  >  “ 

r 

- 

• 

z 

,  IN  ^ 

j 

— — 

J 

/ 

~t 

Egos 

1 

JJT 

4 

/ 

— 

* 

i  •) 

UJ  ^ 

h-s 

mJ  M 

-1 

j 

f 

— 

U-  u. 

_ 

_ 

i 

.  ^ 

j 

... 

—  i 

/ 

L_ 

** 

L_ 

4-i 

...  i 

44 

• 

- 

- 

~ 

J 

— 

r 

-- 

- 

•  r 

> 

J- 

. 

i 

.... 

c 

OJ 

(v 

- 

L 

£ 

/ 

J 

/ 

i 

<c 

r 

■ 

(*) 

J. 

IZ 

f 

/ 

/ 

~T 

/ 

Qi 

_ 

s* 

rp 

■  r 

i 

... 

? 

1 

l 

H 

1 

T* 

dn 

J 

. 

- 

J 

i 

X 

■J— 

'*1 

— 

4 

_ 

- 

_ 

L 

u 

-  -4 

-J 

L 

— 1- 

I 

L 

_ 

— 

hh 

_ 

_ 

— 

- 

... 

— 

— 

— 

- 

— 

- 

— 

- 

— 

— 

— 

— i— 

— 

— 

□ 

- 

*“  ' 

cr 

i 

T — 

— 1 — — •*- 

'  "< 

— 

... 

— 

S 

J- 

. 

— 

“ 

r 

— 

— 

— 

— -i 

_ 

— r  7 

— 

J- 

— 

i 

— 

•  •  H 

-IJ-i-..- 

V 

- 

l— 

— 

— 

-1- 

- 

- 

"i — + — 

— 

i— 

— 

pr 

7 

-4-- 

u 

— 

_ 

~ 

- 

*j~ 

~r 

_ 

— I 

i— 

> 

“ 

o 

\rs 

c 

r- 

_ 

_ 

— 

c. 

h- 

~ 

— 

— 

— 

- 

i — L* 

Mil** 


■MUM 


' 

~ 

— 

1- 

S  -j  «  _ " 

—  <  •  Q 

•  H  $  U 

0  Z  ,  CQ 

z  °  1  Q- 

r- «  ^  3 
t/)  a:  o  x 

:r 

L 

1  j- 

-h££u 

L_ 

IV  ? 

•' 

1 

... 

rr-i 

i  VTt- 

“T* 

~x 

y  I 

1 

... 

1 

~n 

t 

; 

/ 

\ 

• 

r 

/ 

i  |,- 

2 

i 

■ 

r 

i 

-j- 

- 

if 

i 

r 

!  “ 

T~ 

1  v 

l 

■■ 

J 

— 

y 

»  1 

-H;- 

H 

i— - 

§ 

— 

1  ;■!' 

_ 

J 

TT'- 

£ 

r 

■•1 

• 

i  ' 

►  1 

,  1 

f 

■P1 

/ 

! 

!  -t 

’i  h 

;  l*.  1 

1  r 

T 

1.  L 

.  r.r 

I 

i 

L 

Tp 

4_r.[ 

‘I 

1  .- 

' 

”1 

T1 

“ 

!  u 

.. 

| 

k  * 

/ 

“ 

i 

r 

\  • 

71. 

i 

_ 

✓ 

T 

i  1 

... 

_ 

rr- 

!  1 

/ 

/ 

f  ~\ 

1 

i 

' 

/ 

■ 

j 

'V' 

-i- 

* 

J 

1 

j 

’ 

t 

/ 

| 

— 

/ 

1 

V* 

- 

— 

— 

— 

— 

- 

— 

0 

u 

.. 

1 

H 

1/ 

j 

— 

J 

— 

- 

k 

' 

J 

— 

* 

\ 

. 

— i 
— 

— t 

. 

. 

- 

— 

- 

j 

—  - 

"i 

— 

— 

— 

- 

— 

— 

~1 

r 

r  ) 

V- 

— 

P 

** 

H 

1 

! 

— 

i 

_ 

‘'l 

-n 

■ 

| 

y" 

- 

(  #) 

-- 

-J 

-4 — 

- 

1  1 

— 

-r 

— 

— 

J 

1 

■ _ 

.... 

— 

_ _ 

_ 

— 

_ 

— 

— 

- 

— 

“I 

- 

‘ 

-  - 

iT 

-r 

- 

— 

— 

c 

XT 

— r 

c 

■) 

-j— 

-  1 

- 

— i 

t 

*  t-~\ 

~T~ 

r°. 

.. 

■  - 

- 

— h 

! 

" 

4 

1 

■H 

i 

_ 

! 

’  . 

i  * 

i 

1  ^  1 

L 

j  i 

J 

"1 

j 

■  i 

1 

. 

. 

' 

r 

A 

| 

— 

1 

“ 

T 

1 

-rr 

— 

1 

1 

- 

i 

i 

X 

v 

_ 

_ 

1 

1 

s 

1 

s 

i 

J 

H 

. 

\ 

1 

j 

\ 

i 

_ l  _J 

J 

f 

) 

1  . 

T 

/ 

1 

I 

. 

t) 

(  *) 

. 

_ 

_ 

9 

_ 

T  ! 

_ 

i 

! 

r 

1 

rr 

i 

1 

i 

i 

" 

_ 

_ 

- 

_ 

- 

— 

— 

— 

- 

— 

— 

•- 

~ 

— 

— 

■ 

a 

_ 

... 

— 

— 

— 

- 

— 

— 

— 

— 

— 

— 

— 

— 

— 

- 

— 

"  1 

— 

— 

„ 

1 

i 

. 

i 

* 

# 

nr 

X 

-t 

— 

— 

t 

L. 

— 

— 

-- 

_ 

J 

‘H 

-1 

-+■ 

rl 

n 

>  :  '  i 

Ui 

tn 

:  LTl 

<T  ui 

eg  W  “■ 

O  m  o 

■  L  I 

— 

-J 

CO  _J 

^ 

iJ  CM 

*  ‘-y  <£> 

... 

O  £r  .  Q 

H  iJ  g  CD 

u)  4-  x  n 

111  $  .J  2 

X  Lu 

r— 

Is 

fc 

*  ’  »  |  |  J 

X 

!  1 

"1 

— 

\  ‘ 

T 

— 1“ 

n 

— |- 

i  ^ 

u 

1 

— r 

— *  i- 

n 

t — 

V- 

: 

1  ^ 

i  f 

- 

/ 

V 

> 

j .. 

| 

. 

t 

> 

1 

i  ✓ 

T  / 

| 

1 

,1 

I 

> 

!  . 

i 

. 

-j_J 

1 

‘ 

U- 

■ 

' 

irJ 

-- 

IT 

JO 

1 

i 

f  $ 

-f 

\ 

-p 

\ 

i 

/ 

Ax/ 

/ 

4 

i 

1  I 

y 

f 

t: 

..... 

- 

1  i  1  !  1  I  L-  1 _ l.  .  I  .-.ill.  i  ■  •  !  .  !  !  4 


ri'  ji  ii"  H  1  H  ■ 

H 

**Nt«  «  *  *  »»■»**»» 


ITT 

L 

. 

P  im. 

l  ■  pt;  m !" 

j  1  Cl.  qit 

H~H  |-f  ;*+“ 

;  |  :  |  !  I  :  ■ 

!  |  1  1  1  I 

m±\ !  rt! 

L L. 

~ i 

. 

: 

\ 

i . 

i 

,  i 

\ 

_ 

\ 

I 

1 

_ 

_ 

. 

_  i  < 

-44- 

J4 

< 

4 

X, 

1 

4 

44- 

< 

1 

L_ 

_ 

*  < 

I 

i 

/ 

c 

_ 

J 

4 

” 

— 

- 

— 

-4 — 1— 

• 

,/ 

i 

— 

y 

- 

“■ — 

i 

1  * 

J 

- 

id 

4 — 

j 

_ 

■ 

-4- 

.j- 

_ 

•— 

.  j 

— 

— i 

— 

— 

i 

■ 

-j-j 

- 

— 

— 

- 

n 

— 

L 

> 

... 

. — 

■  ' 

. 

n 

L> 

— f* — 

i— 

-r 

4- 

— 

t 

-- 

U 

n  r  - 


... 

L 

h 

1 

-  4h 

T  *' 

- 

I 

i  r 

'I  !  - 

. 

i L 

r _ 

!  1) 

r 

1 

4- 

f ' 

tf 

J_L_ 

f 

1  1 

4J4 

. 

/ 

J±. 

/ 

. 

1  ; 

h 

' 

— 

L 

44 

J  i_ . 

/ 

UJ 

jf 

J 

\ 

i  '  ! 

4 

II 

-  |.i_ 

> 

444- 

J 

^  1 

— 

- 

j: 

‘  ij 

JJ 

! 

! 

L 

4-J 

' 

-4- 

J  1 

JZL 

- 1- 

_ 

. 

— 

— 

— 

— 

L 

— — 

— h- 

— j — L~, 

- 

L 

. 

— 1  “ 

- 

“j  — 

Hi 

■ 

m 

■ 

■ 

_ 

lit 

— 

i  ■ 

ri* 

J 

l 

L 

4 

4 

P 

- 

— r 

r 

—4 

r 

“ 

- — 

- 

— 

/ 

• 

— 1 

— 

— 

o 

y*' 

o 

r~t 

• 

- 

s-<  J 

1 

IT 

(  *  j 

L 

i 

i" 

a 
<  i 

-1 

ij  j 

/ 

l  J  i.i 

u 

— 

t 

d 

— 

! 

— { — 

_ 

L. 

L 

** 

"" 

1 

!  ! 

J 

c 

1  I 

_ 1 _ 

1 

n 

— — ■} 

i 

. 

h4 

4 

— 

_ 

_ 

(  « 

7 

1 

1 

_ 

- 

(♦)• 

. 

l 

(*) 

i  ■ 

~ 

/ 

( 

H 

n 

■ 

r 

i 

i 

' 

j 

-p 

| 

' 

i 

■ 

r 

.  -L 

1 

n 

1 

■ — *•  “4 

— f 

t 

— 

r 

. 

/ 

0 

/ 

-1 

{  0 

' 

4 

1 

9 

I 

-  -t 
1 

-J 

i 

1 

s 

w 

r 

L 

I 

j.  - 

j 

/ 

T 

[ 

1 

71 

H 

{♦j 

i 

4 

1 

V 

n 

! 

J 

/ 

1 

! 

•  ) 

1 

i 

. 

1 

. 

I 

■■ 

| 

i 

1 

i- 

I 

4 

Ji 

4  - 

“t" 

44- 

*  1 

i 

— 1 

I 

L 

“TT 

: 

L 

j. 

1 

rr 

i_L 

j 

—1 

— 

T 

.. 

1 

. 

i 

l 

— L_ .  j.  : 

j 

• 

- 

— 

— 

. 

- 

_ 

— 

— 

i — * —  i 

i 

— 

' 

M 

irrr 

it 

r 

-4- 

J— 

■  ! 

- 

— 

— 

— 

— 

\- 

— 

_ 

i- 

444- 

* 

/ 

| 

-- 

i 

■■■  •“ ",  "  ‘  “ 

L. 

u 

J 

/ 

— 

— 

r 

$ 

1  |  j 

— 

i“ 

> 

_ 

i 

_ 

_ 

— 

- 

c 

-- 

.. 

— 

- 

— 

— 

- 

— 

V 

— 

- 

f— 

- 

F 

L- 

J 

r 

— 

i 

i-.-- 

j 

4- 

* 

_1J  . 

. 

-  - 

— 

s 

. 

i 

j 

r 

s± 

. 

J 

- 

i 

u 

L 

J 

' 

r 

1 

L. 

J 

. 

J 

r 

/ 

_ 

A 

— 

— 

— 

. 

- 

= 

— 

— 

— 

— 

— 

C 

i— 

m 

h" 

— 

1 

_ 

— 

' 

i 

" 

- 

... 

- 

- 

M 

-  ;4 

—  i — l— 

j  | 

— 

i 

7! 

rt 

J 

rh 

p 

■ — 

-4 

“I  • 

! 

-H 

■  H 

-• 

--H 

4“ 

H- 

-1 

J 

4 

— 

-H 

Tj 

■ 

"i 

n 

H- 

j 

- 

L 

i  i 

“ 

i 

IT 

J 

t: 

r 

— - 

- 

V. 

i 

' 

n 

_ 

j 

4- 

1 1 

~TT~ 

— 

-1 

-- 

- 

"1 

:] 

J 

— 

— 

— . 

“T 

. 

_ 

_.. 

_ 

_ 

_ 

1 

—  —  1 

“t 

- A.— 4 

l 1  ‘i — 

-j 

~r 

... 

— 

..... 

~ 

— 

- 

— 

- 

— 

— 

- 

j 

-  H 

_ 

_ i 

- 

T 

" 

" 

—■  * 

'-4-4 

-4 — 

£V 

~ 

J 

- 

r 

4_, 

— 

_ 

P 

"T 

— ! 

L 

L 

‘  n 

’ 

' 

~h 

! 

1 

_ L„ 

u. 

' 

l 

, 

T 

-4- 

t 

r 

J 

i  ■ 

l 

~ 

- 

4- 

\ 

| 

1 .  J_ 

— 

1 

i 

— 

• 

* 

” 

ir 

Li 

1  _ 

il 

T 

** 

1 

1 

y 

s 

- 

I 

J: 

_ 

\ 

■ 

.. 

‘  # 

_ i_ 

i 

4* 

L 

II 

( 

\ 

\ 

b) 

• 

. 

. 

l 

[ 

1 

_ 

- 

0 

\ 

L~ 

\ 

. 

7 

f 

. 

1 

®i 

... 

-4 

... 

1 1 

. 

: 

i 

i 

. 

i 

_ 

TT 

j 

j 

fj 

*  i 

j 

j 

~ 

. 

4— 

r 

n_ 

T* 

~ 

"T~ 

— 

~ r 

' 

— 

— 

APPENDIX  D 


D  1 


i 

Q 

W 


o 


c 

Ll' 

a 

rH 

rH 

rH 

rH 

rH  rH 

f-H 

rH 

rH 

rH 

rn 

rH 

H 

rH 

rH 

H 

rH 

rH 

rH 

fH 

i—  rH  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM  CM 

>- 

c 

h- 

uo - 

— 

— 

— 

_ 

_ 

o 

! 

L. 

X 

o 

o 

o 

o 

o  o 

o 

c 

c 

c 

c 

o 

o 

o 

o 

o 

a 

o 

o 

O 

0. 

0. 

0. 

O 

o 

o 

o 

O 

O 

O 

C  O 

c 

4D 

r- 

r- 

CM 

cm  in 

m 

rH 

a 

vf) 

CM 

o 

vO 

CO 

00 

rH 

c 

oo 

<0! 

in 

cm  r-i  r- 

vC 

o 

h 

O' 

4- 

v£> 

CM  0C 

c 

z 

#H 

r~ 

o 

OC 

rH  n- 

o 

c 

O' 

r 

4 

o 

CO 

H 

o 

H 

CM 

oo 

in 

<. 

c  r  cm 

r~ 

(O 

CD 

VO 

O' 

CM 

vO 

f-H  <}- 

o 

5 

Q: 

O' 

O' 

CO 

oo  r 

vO 

sO 

4 

-4 

4 

4- 

CO 

CO 

CO 

O 

o 

o 

o 

r-  ct  a 

a 

O' 

00 

r- 

vO 

vO 

m 

If.  stf 

Ll 

o 

o 

o 

o  o 

o 

o 

o 

C 

C 

o 

O 

o 

o 

o 

rH 

rH 

fH 

o 

coo 

o 

c 

o 

o 

o 

o 

c 

c  c 

c 

‘in 

4 

in 

CM 

CO  v£ 

CM 

CO 

c 

rH 

r 

NC 

rH 

CM 

4) 

CM 

c 

o- 

r 

o 

CM  O  •— 

V 

& 

a 

c 

r 

fH 

r~ 

o  If 

z 

i° 

o 

vO 

CO 

•4  O' 

O' 

r- 

4 

rH 

vO 

CM 

CO 

O 

O' 

4- 

rH 

O' 

m 

CO 

C  r-H  O 

CM 

n 

CM 

ai 

O' 

O 

CM 

if'  n 

Ct 

|co 

CM 

rH 

rH 

O  O' 

00 

f- 

Mj 

4) 

in 

in 

4- 

4- 

co 

O 

co 

co 

CO. 

CM 

O  f-<  r- 

r~ « 

c 

O 

O 

00 

co 

n- 

vf  If 

Ll 

r 

H 

f-H 

rn 

*-<  o 

O 

o 

c. 

C 

C 

O 

O 

O 

O 

rH 

fH 

r-H 

f—' 

fH 

O’  r^»  r- 

r—< 

r-< 

rH 

O 

o 

o 

CD 

c  c. 

'0 

co  co 

-4 

>4  00 

vO 

H 

H 

IT 

4 

co 

(O 

CM 

rH 

a 

CM 

a. 

CM 

rH 

cm  r  cv 

r—  1 

CM 

r- 

CM 

h- 

CO 

o 

%0  a 

C 

> 

h— 

LL 

co 

o 

lO 

CO  r- 1 

t-H 

rH 

f-H 

o 

O 

O 

o 

O 

o 

h- 

O 

o 

4- 

CM 

i-H  CM  vO 

4 

CO 

CM 

04 

i-H 

rH 

i-H 

C  O 

i  to 

C 

rH 

»— i 

rH 

00 

in 

r 

nj 

rH 

o 

f- 

rH 

|C 
.  _J 

!  n 

CM 

vO 

oc 

CM 

O  h- 

00 

o 

h- 

r- 

r- 

O' 

00 

CO 

o 

o 

00 

r 

CM 

a 

O  VC  N 

if 

r- 

in 

in 

O' 

4- 

o- 

rH  r- 

O 

4 

00 

m 

O' 

in  in 

vO 

CM 

r- 

in 

4- 

CM 

rH 

rH 

rH 

m 

r- 

00 

h- 

r- 

n-  o  r- 

co 

'O 

4 

m 

lO 

CM 

oo 

6. 

4. 

J!  ^ 

z 

r\j 

00 

vO 

-4 

O'!  CM 

H 

rH 

m 

c 

If. 

vO 

rH 

i-t  Of, 

vL 

CO 

CM 

rH 

rH 

} 

>1  Ll) 

>'  Q: 

f-H 

n 

4- 

CM 

fH 

rH 

cr 

00 

in 

rH 

o 

O'  4 

CO 

o 

c 

4- 

0 

CM 

4- 

CM 

vO 

r~ 

CM 

h- 

ir 

0 

a  ir  cm 

CM 

v£ 

CO 

O' 

fH 

r- 

CM  yC  | 

C 

> 

r\j 

CO 

CO 

CO 

co  o 

in 

r- 

m 

a- 

CM 

in 

r- 

h- 

CO 

4- 

CO 

CM 

co 

CM 

CO  <}-  CM' 

CM 

CM 

co 

co 

if> 

o 

O' 

O'  rH  i 

h- 

LL 

V) 

C 

o 

o 

o 

o 

O  CM 

o 

o 

rH 

o 

rH 

rH 

CO 

4- 

CO 

o 

O 

O 

o 

O 

O  O  O 

o 

O 

o 

o 

o 

o 

o 

O  nj 

i 

O' 

CM 

CM 

CM 

CM  CM 

vO 

00 

r- 

o 

4- 

in 

rH 

O 

4" 

CO 

oo 

CO 

o 

CO 

O  vO  if' 

4- 

r— ^ 

00 

'O 

CO 

co 

a.  m 

O 

Ll 

(M 

in 

vO 

r- 

O  CM 

r~- 

vO 

CO 

a 

a 

o 

00 

IT' 

o 

o 

CM 

rH 

CM 

4 

h-  h-  if'. 

h 

0 

o 

CM 

r- 

4- 

rH 

O  vC 

< 

IL 

• 

!  oc 

O 

rH 

rH 

r-H 

rH 

CM  CM 

CM 

co 

in 

in 

vO 

r- 

f-H 

CO 

4- 

CM 

rH 

rH 

l-H 

fH 

C\J  rH  rH 

rH 

rH 

CM 

CM 

CM 

CO 

4- 

in  vC 

c 

u 

f-H 

rH 

rH 

in 

o 

O' 

4 

CM  CM 

4) 

CM 

4- 

r- 

n 

vO 

00 

r- 

4- 

4- 

m 

IT. 

r- 

O 

cm  n  4" 

O' 

co 

CO 

r- 

iO 

4- 

co 

O'  co 

c  > 

4 

•4- 

CM 

CM 

CM  O' 

rH 

f-H 

rH 

o 

o 

o 

o 

o 

O 

r- 

r- 

vO 

vf) 

4- 

i-H  00  CM 

rH 

rH 

rH 

rH 

fH 

rH 

rH 

O  rH 

h- 

UJ 

o 

O 

O 

o 

O  O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o  o 

in 

C 

o 

O 

O 

o 

0 

0 

o 

c 

o 

.o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o  o  o 

CD 

CD 

o 

o 

o 

o 

o 

o  c 

r- 

m 

m 

CM 

O  f-H 

CM 

CM 

o 

00 

oc 

co 

r- 

rH 

r- 

O' 

vO 

4-  O 

h- 

4"  v0  r— i 

in 

oc 

h- 

O' 

CO 

4) 

4" 

IT  O 

_j  in 

o 

o 

r~~ 

co  o 

iO 

CO 

o 

oc 

n 

4) 

4- 

4- 

CO 

co 

o 

4- 

NO 

00 

v0  DC  4 

O' 

in 

CM 

O' 

v D 

CO 

f-H 

o  n 

IL 

a 

4 

CO 

CO 

CM 

CM  CM 

rH 

rH 

f-H 

o 

o 

o 

o 

O 

o 

VO 

vO 

m 

4 

CO 

H  \Cj  Co 

CM 

CM 

CM 

f-H 

rH 

rH 

rH 

o  o 

> 

Ll 

o 

o 

o 

o 

0 

0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CD 

O 

o  o  o 

O 

O 

o 

o 

o 

o 

o 

o  o 

c 

• 

o 

o 

o 

o 

O  O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o  o 

l-H 

c 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o  o 

D 

# 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

CD  C 

_j  m 

Ll 

rH 

rH 

«— 1 

rH 

rH  rH 

rH 

rH 

rH 

rH 

f-H 

rH 

rH 

rH 

r-H 

rH 

rH 

l-H 

rH 

1— 1 

f-H  i — i  rH 

rH 

rH 

rH 

rH 

rH 

i-C 

rH 

fH  rH 

m 

IfA 

in 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

O  O  if 

o 

o 

o 

o 

o 

o 

o 

o  o 

LL 

CM 

m 

'O 

m 

rH  f\J 

CO 

CO 

f-H 

h 

rH 

4 

m 

CO 

CM 

CO 

O' 

in 

rH 

CM 

CO  CO  if 

MO 

m. 

rH 

CM 

co 

00 

fH 

C-  r-H 

< 

X 

lO  o 

m 

rH 

oo  in 

CM 

o 

O' 

r- 

r- 

in 

4- 

CO 

CO 

o 

O' 

sO 

co 

CM  O  O 

Lf! 

rH 

CL 

in 

CM 

o 

O' 

f~  r- 

1  *“• 

LJ 

co 

CO 

CM 

CM 

r-H  r-H 

f-H 

rH 

o 

o 

o 

o 

O 

o 

o 

4- 

h- 

in 

4- 

CO 

r-H  CO 

CM 

CM 

rH 

rH 

rH 

rH 

o 

o  o 

C 

Z 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

rl 

o 

o 

O 

o 

O  r-H  o 

o 

o 

o 

o 

o 

o 

o 

o  o 

I 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o  e 

t— 

«— i 

C\J 

CO 

>4 

in  vo 

r- 

00 

O' 

o 

rH 

CM 

CO 

4- 

m 

f-H 

CM 

CO 

4- 

m 

v0  f  1  ' 

CM 

CO 

4- 

in 

NO 

n- 

00 

O'  o 

m 

o 

O 

e 

o 

o  o 

o 

o 

r 

rH 

rH 

r-H 

r- J 

r-H 

o 

<r 

o 

C 

coo 

o 

o 

O 

o 

o 

o 

o 

O  n 

Ll 

h- 

c 

z 

l-H 

rH 

f-H 

rH 

rH  rH 

r-H 

f-H 

H 

f-H 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM  CM  fo. 

CO 

CO 

co 

co 

CO 

CO 

co 

to  CO 

TABLE  D-1  -  continued 

SETTLING  TEST  RESULTS 


D  2 


■* 


C.  in  co  ro  a  o  a  cmcmcmcmcmcmcmojcm 


lii 

a 

>- 


«-  «— i  cr>  rr>  co  i — i  t~ •  t~> 


P 

P 


<-<ir  (M  O  O  (\l  O'  O  (\l  f  a  0  0-4 
ir  4(Njf\jr'0cf\iMi-<rr  c  u  o  r-'  rg  r 


• — 1  vO  O  \C  O 

a  co  r\j  h  a 


h-  O'  (r  _< 

CM  vf  vf  O'  vf) 


g 


LU 

I 


OC-C  c  c-4orhoov004  ^l^r-'U  4  4a  4CMvOooavCO(o  <1  t— 1  cm  -4 
i  i  p  r\j  h  r-t  o  r  vf  in  incoto,-<of‘-CMCiC4ro(MrH 

vf)  1C  Cv.  r~  r”-i  r- l  vO  vC  CO  r— f  rH 

*-J  *-<  cm  4 


44444inif'ininir\inir\i^iri\0'OvD'C'Ohis-is'OOcooDooooooooccoo 


O 

rvj 

vC 

O 

If 

vf 

a 

O' 

4 

vC 

f-H 

rH 

0 

CM 

lO 

vf) 

4 

r 

CM 

Co 

m 

CD 

cc 

O 

n 

CC 

vf) 

4 

4 

vf 

a' 

4  in 

lo 

lO 

is: 

ST 

O 

IP 

4 

C\J 

O 

0 

0 

O 

CO 

r- 

in 

4 

cr 

O' 

4 

0 

r—  • 

If 

C 

CM 

CM 

in 

in 

O' 

a 

vf 

vG 

a 

vf 

CM 

co  4 

a: 

GO 

0 

a 

a 

4 

4 

4 

4 

CO 

CO 

a 

co 

CO, 

if 

IT 

Nf. 

4 

co 

CM 

vC 

in 

0 

n 

h- 

r- 

vD 

ir 

If 

if 

4  4 

Ll 

I - I 

cm 

f-H 

r— • 

O 

O 

O 

O 

0 

O 

0 

O 

0 

C 

c 

c 

0 

0 

rH 

rH 

f-H 

0 

0 

0 

0 

C 

O 

O 

O 

O  O 

o 

O 

r-n 

4 

u 

r- 

rv 

vf 

a 

4 

CM 

O 

n 

4 

0 

vC 

a 

4 

r-. 

4 

a 

m 

n 

0 

4 

a 

r- 

O 

h 

vf 

u 

r-'  vO  ! 

2: 

CO 

4 

h- 

4 

0 

u 

4 

4 

CO 

rH 

O' 

a 

CM 

O' 

c 

If  v 

a 

0 

CO 

if'. 

O 

CM 

O 

CM 

rH 

00 

vO 

h 

tf 

0 

vD  rH 

or 

4 

vO 

r 

0 

rH 

ir 

a 

if 

4 

4 

m 

CO 

4 

4 

c 

0 

Vf 

a 

4 

co 

n 

rH 

O 

0 

a 

r 

vf 

vf 

vf 

in  if 

|  u. 

r\i 

CM 

r\ 

n. 

O 

O 

O 

O 

O 

0 

0 

C 

O 

c 

0 

C 

c. 

O 

f-H 

— 

rH 

O 

c 

O 

0 

O 

c 

O 

0. 

0. 

!  O 

> 

0 

a 

r-* 

u 

ir 

a 

CM 

CM 

- 

CM 

CM 

O 

-« 

n 

IT' 

n 

0 

rH 

O 

4‘ 

CM 

co 

rH 

n- 

0 

0 

O' 

h 

O 

a,  co  ; 

1— 

LU 

PH 

O 

f-H 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

0 

vO 

4 

r— * 

0 

00 

in 

CO 

Vf) 

vO 

CO 

CM 

rH 

j 

0 

O 

0. 

0. 

P 

c 

h- 

0 

a 

vC 

CM 

f-H 

rH 

co 

CM 

< — « 

[ 

f\i 

f-H 

rH 

c_ 

_J 

0 

z 

<*■ 

O 

a 

IT 

r- 

h- 

vG 

rH 

IT 

CO 

CO 

on 

O 

O 

c 

O 

CM 

CM 

0 

rH 

rH 

0 

4 

vO 

vO 

0 

a 

0 

O 

vO  00 

0 

vO 

vO 

O 

4 

CL 

vO  in 

CO 

f-H 

f-H 

CM 

rH 

r~  i 

CM 

in 

rH 

rH 

0 

O' 

CM 

vO 

m 

CM 

rH 

4 

rH 

h 

in  co 

2 

4 

0 

4 

r- 

CM 

CM 

in 

co 

f-H 

rH 

4 

m 

<0 

vO 

4 

CO 

CM 

f—  l 

r— 

1 UJ 

00 

00 

O 

a 

CM 

rH 

CM 

4 

n- 

fH 

or 

r_. 

<M 

CM 

r— i 

r-H 

0 

0 

vC 

r 

4 

0 

r-H 

vf 

CO, 

vO 

CM 

in 

CM 

0 

CM 

a 

n 

a 

if 

O  in 

CO 

CO  if)  O' 

vO  00 

(O 

0 

CM 

vL 

(O  CO 

> 

0 

O 

O 

c 

0 

vf> 

4 

4 

r~ 

00 

<0 

vO 

CO 

CO 

h- 

a 

0 

4 

CO 

r— ' 

0 

rH 

co 

CO 

co 

CM 

in 

vO 

IT 

rH 

O  f-H 

1 — 

LU 

• 

LO 

c 

0 

O 

0 

0 

0 

O 

O 

O 

0 

0 

CM 

rH 

0 

CM 

0 

O 

0 

f-H 

fH 

0 

0 

0 

O 

O 

0 

O 

O 

O 

O 

fH 

fH  rH 

C\l 

O' 

c 

vC 

a^ 

O 

vG 

0 

vG 

O' 

in 

co 

n 

O'. 

0 

to 

CO, 

O' 

0 

in 

CD 

O 

If' 

n 

co 

c 

vC 

a. 

CO  CM 

0 

Ll 

a 

0 

4 

4 

co 

if 

4 

0 

vO 

n- 

O' 

f-H 

a. 

4 

O' 

ir 

if 

vC 

a. 

in 

in 

4 

rH 

rH 

CM 

0 

0 

r-< 

a 

vG  f- 

< 

LU 

. 

or 

O 

0 

O 

0 

0 

O 

IT 

in 

in 

r- 

O' 

0 

0 

O' 

00 

4 

CO 

r 

vC 

a; 

0 

O 

0 

rH 

CM 

CM 

CM 

fO 

co 

4 

4 

5 

6 

0 

; 

O 

H 

f-H 

lo 

vO 

CM 

00 

f— * 

Oi 

1 c 

if  1 

IT 

CO 

r- 

vO 

CO. 

00 

ni 

m 

vf) 

O' 

in 

in 

4 

co 

to 

co 

vt)  r- 

O' 

If 

0 

vf. 

0  00 

> 

CD 

lf\ 

vO 

vC 

CM  O 

0 

0 

0 

0 

0 

O 

O 

0 

co 

<0 

CO 

rH 

0 

vO 

O' 

CM 

vf) 

CO 

CM 

rH 

rH 

rH 

fH 

rH 

rH  O 

t — 

LU 

O 

f-H 1 

O 

0 

f-H 

0 

0 

0 

0 

0 

0 

O 

O 

0 

0 

0 

O 

O 

O 

0 

O 

CM 

0 

0 

0  0 

0 

0 

O 

0 

0  0 

O 

O 

O 

O 

c. 

0 

0 

0 

O 

0. 

0 

0 

O 

O 

0 

0 

0 

O 

c 

c 

0 

O 

O 

0 

0 

0 

0 

0 

0 

O 

0 

0  0 

4 

r- 

O'! 

O' 

CO 

in 

rH 

f-H 

00 

0 

rH 

00 

00 

rH 

CM 

ir^ 

r- 

0 

0 

4 

4 

4 

O' 

0 

rH  r- 

0 

r- 

n 

<0 

CO  4 

to 

CO 

f-< 

4 

rH 

O' 

4 

a 

CM 

O' 

n- 

vG 

n- 

m, 

vG 

f- 

0 

vC 

n 

vf) 

vO 

n~ 

0 

vf) 

rH 

CM 

r- 

a 

CO 

rH  O' 

LU 

a 

0 

r- 

m 

CO 

CM 

rH 

rH 

rH  O 

0 

O 

0 

0 

O 

CO 

<0, 

CM 

rH  O 

n 

rH 

to 

m 

co 

co 

CM 

CM 

r-' 

r— 1 

f-H 

rH  O 

> 

u- 

rH 

rH 

rH 

rH 

rH  O 

0 

O 

0 

0 

O 

0 

0 

O 

O 

0 

0 

0 

O 

0 

rH 

rH 

0 

O 

0 

0 

O 

Q 

0 

O 

0 

0 

O 

• 

O 

O 

O 

O 

O 

O 

0 

O 

0 

O' 

O' 

O' 

0 

O 

O 

0 

c 

a 

O' 

O' 

O' 

O 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM  CM 

1 

e) 

O 

O 

O 

O 

O 

CO 

CD 

cu 

CD 

CO 

00 

00 

00 

00 

CO 

00 

00 

00 

00 

0C 

CO 

00 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

O' 

CO  co 

D 

• 

O 

O 

O 

O 

O 

r— * 

r-H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

f-H 

rH 

f-i 

rH 

rH 

rH 

l-l 

rH 

r—' 

fH 

f— ' 

rH 

r< 

rH  rH 

_J 

to 

Ll 

rH 

rH 

rH 

rH 

»~H 

r-H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

t-> 

rH 

rH 

rH 

rH 

1— 1 

rH 

rH 

rH 

fH 

r-l 

rH 

rH 

rH  rH 

to 

0 

O 

O 

O 

0 

0 

O 

O 

O 

O 

O 

O 

O 

0 

O 

0 

0 

if. 

0 

0 

O 

0 

O 

0 

if' 

in 

a 

0 

0 

0 

0  0 

LU 

0 

U~\ 

IT 

O 

0 

vO 

in 

r-H 

CM 

00 

f-H 

CM 

f-H 

f-H 

(O 

O' 

a. 

r-H 

f-H 

0 

in 

0 

O' 

in 

r-H 

CM 

ir 

vC 

ir 

r— * 

CM  CO 

< 

I 

vO 

r~ 

r- 

a 

a 

if 

f-H 

a 

in 

0 

O' 

in 

0- 

Is- 

O 

O' 

vC 

O' 

n 

00 

n- 

Vf) 

O' 

vf) 

CO 

'O 

0 

If! 

r— 

a 

m  cm 

•— « 

O 

a 

m 

in 

f-H 

f— ' 

CM 

CM 

f-H 

rH 

rH  O 

f-H 

O 

O 

4 

r- 

a 

4 

0 

rH 

m 

CO 

r- 

in 

4 

CO 

(O 

CM 

CM 

r— < 

r-f  »— 1 

O 

2 

CM 

fH 

r-H 

rH 

f-H 

O 

O 

0 

O 

O 

0 

0 

O 

O 

H 

0 

0 

O 

0 

rH 

rH 

CM 

0 

0 

O 

O 

O 

O 

O 

0 

O  O 

O 

0 

0 

O 

0 

O 

O 

O 

O 

O 

0 

0 

O 

O 

0 

0 

0 

O 

0  0 

0 

O 

0 

0 

O 

0 

O 

O 

O 

0 

O  O 

t— 

rH 

CM 

CO 

4 

in 

r-H 

CM 

co 

4  in 

vO 

O' 

00 

O' 

f-H 

CM 

co 

4 

in 

rH  O 

CO 

rH 

CM 

co 

4 

in 

vO 

h 

a 

O'  0 

to 

0 

O 

0 

O 

O 

0 

O 

O 

O 

O 

0 

0 

0 

O 

c 

O 

0 

O 

0 

O 

c 

O 

O 

0 

O 

0 

O 

c 

0 

C  rH 

LU 

O 

tj 

<D 

•H 

•P 

a 

o 

o 

I 


I 

qI 

w 

in 

9 

H 


c 

K— < 

li 

a 

'r— ' 

r— i 

rH 

rH 

rH 

rH 

CO 

co 

CO 

rH 

— 

r- 

CO 

(O' 

CO 

CO 

CO 

CO 

co 

CO. 

r 

CO 

r 

4 

4 

4 

4 

4 

4 

4 

-J 

> 

1 

C 

Y~ 

j'C 

C' 

CM 

n- 

CM 

M) 

CM 

L- 

cc 

vC 

o 

fH 

in 

If' 

in 

CO 

CO. 

o 

o 

O' 

CO 

co 

If 

ir 

M 

O 

4 

O  O' 

4 

- - 1 

IfM 

c 

n 

a. 

00 

o 

(O 

o 

CM 

CL 

ir 

vC 

CO 

h 

n 

CM 

CM 

rH 

rH 

rH 

CM 

CM 

n 

L 

O 

if 

O 

o 

C 

4 

r — ' 

o 

a. 

in 

<1- 

CM 

r— l 

4 

4 

n- 

CC 

n 

If 

CM 

CM 

M3 

M3 

00 

00 

00 

M3 

MI' 

CM 

CM 

a 

O 

CM 

n 

4 

O 

M) 

4 

CL 

L- 

c 

o 

n- 

CM 

rH 

rH 

M3 

M3 

CM 

CM 

CM 

M3 

M3 

rH 

r-* 

c 

a 

CM 

00 

4 

O' 

rH 

LU 

X 

1 

CO 

co, 

to 

M3 

CO 

r- 

r— • 

<o 

CO 

co 

CO 

CO 

CO 

co 

co 

co 

CO 

CO 

M3 

r-H 

r-H 

4 

o- 

rH 

nj 

in 

If 

If' 

nj 

CM 

rH 

rH 

fH 

CM 

CM 

IT- 

in 

r-l 

c 

i™ 

cm 

in 

O  co 

in 

rH 

CO 

rH 

a 

CM 

CC 

CO 

a: 

O 

M3 

m 

o 

co 

CO 

n 

a 

a 

4 

e 

o 

CO 

L 

rH 

00 

—  i 

c 

z 

M3 

h- 

rH 

rH 

M3 

4 

CC 

M3 

fH 

<J 

r~ 

a: 

CM 

O' 

CO 

oc 

00 

cc 

4 

C 

r 

f- 

4 

CM 

If 

o 

o 

CM 

O  ! 

c 

lo 

O' 

O' 

to 

CO 

CO 

CO 

r- 

n 

ir 

in 

<1 

if' 

in 

If' 

M) 

o 

rH 

o 

(O 

4 

4 

4 

M 

Nf 

M3 

m 

r- 

O 

CO  : 

5 

a 

•• 

f 

Ll 

o 

O 

o 

O 

o 

o 

rH 

rH 

rH 

C- 

o 

o 

o 

rH 

rH 

fH 

H 

rH 

rH 

o 

rH 

- 

r— • 

— 

O 

O 

O 

o 

o 

rH 

o  j 

c 

r- 

c 

4 

a 

CM 

CO 

CO 

in 

a 

~CM 

n 

F" 

~0~ 

o 

a 

o 

rH 

a’ 

o 

M3 

4 

if 

4 

O 

r 

M 

O 

CM 

o c~o~ 

- — 

a  i 

c 

r-H 

co 

in 

M3 

CM 

m 

M3 

CO 

If 

n 

n 

CC 

o 

CM 

O' 

■4- 

in 

if' 

4 

CO 

O 

n 

n 

4 

O' 

M3 

rH 

c 

CO 

o  ! 

rr 

r 

<1- 

4 

r 

CO 

4 

in 

o 

c 

If 

ir 

<r 

m; 

M3 

M3 

h- 

rH 

CM 

O 

4 

if 

if' 

u 

\C 

M. 

M3 

in 

n 

o 

oo ; 

li- 

j . . 

o 

c 

o 

o 

o 

O 

rH 

C\) 

CM 

o 

o 

o 

o 

r— 4 

fH 

r—f 

r-< 

rH 

»H 

fH 

r-4 

♦h 

fH 

r—i 

o 

O 

O 

o 

o 

rH 

O  ! 

Cj 

p 

r 

cm 

CM 

r— 1 

rH 

CL 

CO 

n 

i— i 

IT, 

*3- 

r 

O' 

CM 

in 

L- 

c- 

o 

o 

cr 

c . 

o 

L 

If 

"F 

o 

o’ 

o 

"hF 

t- 

Ll 

o 

o 

o 

O 

o 

o 

4 

M3 

CO 

CO, 

r— 4 

o 

o 

00 

r-H 

O 

CM 

in 

co 

M3 

M3 

c 

O 

4 

(M 

rH 

fH 

rH 

in 

in  ; 

to 

C 

rH 

in 

CO 

n 

rH 

rH 

rH 

fH 

rH 

rH 

rH 

4 

CO 

- : 

L-  : 

u 

4 

a 

vO 

rH 

on 

0- 

M3 

4 

n 

o 

O 

n 

o 

rH 

O 

r-H 

o 

4 

in 

CL 

o 

oc 

IT 

fH 

<o 

CO 

o 

M3 

co 

t/3 

o 

Z 

o 

rvj 

rH 

i— i 

rH 

O 

o 

in 

00 

vO 

L- 

co 

CM 

O' 

in 

vf 

in 

co 

O' 

rH 

m 

M) 

in 

in 

4 

co 

n 

CO 

GO 

M) 

M3 

CO 

_J  >- 

z 

co 

co 

4 

r 

CM 

rH 

h- 

if 

H 

CM 

CO 

m 

CM 

M3 

O' 

CO 

n 

4 

fH 

e— > 

CO' 

n 

D 

LU 

co 

lO 

CM 

in 

in 

co 

CO 

rH 

rH 

rH 

CM 

CM 

If' 

m 

rH 

to 

LlJ 

.D 

H 

CL 

a 

M3 

M3 

cc 

o 

CM 

r- 

p 

CM 

CM 

0 

if 

o 

co 

o 

<r 

M3 

o 

o 

o 

O 

r- 

f— * 

o 

L- 

ir 

M3 

F- 

~o 

o’ 

M3 

!C 

> 

cm 

rH 

M3 

CM 

in 

M3> 

o 

o 

o 

CC 

n- 

<} 

CM 

fH 

rH 

o 

O 

CM 

CM 

CO 

O 

o 

•H 

o 

M; 

o 

4 

CM 

CO 

rH 

00 

p 

Ll 

Ito 

C 

rH 

CO 

nj 

4 

co 

?H 

o 

o 

o 

o 

rH 

rl 

r-l  O 

o 

o 

O 

O 

o 

o 

O 

o 

o 

o 

O 

rH 

O 

rH 

O 

o 

O 

to 

p 

O 

o 

r 

in 

o 

4 

CM 

CO. 

M) 

co 

(O' 

co 

rr- 

(M 

o 

CM 

in 

cc 

CO 

o 

r-i 

rH 

if 

O 

(O' 

O' 

CM 

M3 

CO 

Lu 

o 

Ll 

O' 

CM 

IT 

00 

M3 

o 

r~ 

4 

4 

cr 

in 

<U 

o 

in 

IT 

m 

in 

rH 

O' 

CO 

r- 

in 

M3' 

M3 

CM 

CO 

rH 

rH 

h- 

CM 

o 

t— 

< 

LU 

or 

O 

rH 

O 

a 

C° 

co 

o 

o 

o 

o 

vD 

n- 

o 

o 

o 

o 

r-H 

o 

f—* 

o 

O 

o 

O 

CO 

CO 

co 

in 

CM 

rH 

CM 

O 

z 

c 

rH 

r-H 

rH 

rH 

r— 1 

4 

o 

o 

00 

vO 

<1- 

CL 

r-H 

4 

r— I 

vj- 

a> 

rH 

vO 

co 

o 

O' 

O' 

4 

4 

CL 

n 

in 

CO 

r-l 

4 

m 

00 

m. 

4 

M3 

•— • 

o 

> 

o 

r-H 

o 

o  o 

o 

co 

rH 

4 

CM 

i— i 

r-l 

vf) 

fH 

vj- 

M3 

m 

r~ 

on 

m 

in 

rH 

o 

CO. 

O' 

r-H 

rH 

CM 

CM 

00 

_i 

1- 

lu 

o 

o 

o 

o 

o 

o 

o 

rH 

O 

O 

o 

o 

o 

rH 

«— i 

o 

O 

o 

o 

o 

o 

o 

r-* 

o 

o 

o 

o 

o 

o 

O 

O 

i — 

to 

C 

p 

o 

o 

o 

o 

o 

o 

o 

o 

o. 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Q 

o 

o 

O 

O 

LU 

to 

— 

/ 

r- 

m 

CM 

o 

4 

M3 

4 

co 

CO 

lO 

If' 

CM 

n- 

in 

M3 

vj- 

CM 

CM 

O' 

O' 

CM 

r- 

CM 

o 

O' 

in 

M3 

o 

CM 

in 

_J 

to 

M3 

M3 

M3 

m 

4 

4 

n- 

4 

CM 

ifi 

(Ml 

vC 

CO 

<}■ 

O' 

o 

CO 

m 

o 

oc 

CO 

co 

in 

4 

o 

r-H  O 

4 

r- 

O 

rH 

Ll. 

CL 

o 

o 

o 

o 

o 

o 

00 

CC' 

M3 

Osl 

CM 

r-< 

r-H 

CO 

CM 

rH 

rH 

M3 

n- 

in 

o 

o 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

M3 

4 

* 

**- 

o 

o 

o 

o 

o 

o 

o 

rH 

r— 1 

o 

O 

o 

O 

rH 

rH 

rH 

rH 

o 

o 

o 

o 

rH 

rH 

f— 1 

o 

CO 

o 

o 

o 

O 

O 

c 

CM 

CM 

CVJ 

CM 

CM 

CM 

nj 

CM 

nj 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

OJ 

CM 

CM 

CM 

CM 

nj 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

*— i 

to 

CO 

«o 

CO 

CO 

CO 

CO 

co 

CO 

co 

<c 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

D 

• 

r-H 

rH 

1-1 

r-H 

rH 

» — 1 

rH 

rH 

•h 

CM 

CM 

CM 

CM 

CM 

CM 

(M 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

OJ 

CM 

CM 

_J 

to 

lu 

r-< 

r-H 

f — 1 

rH 

rH 

i— i 

rH 

rH 

r-i 

rH 

r- 1 

rH 

rH 

fH 

rH 

rH 

rH 

rH 

rH 

fH 

rH 

rH 

rH 

r-l 

rH 

rH 

r-l 

rH 

rH 

r-H 

rH 

to 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

a 

u 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

lu 

a 

f— « 

0- 

f— < 

4 

in 

o 

in 

o 

cr 

If. 

r-4 

CM 

O 

o 

1X3 

tn 

o 

o 

o 

If' 

in 

o 

o 

0 

If 

(L 

CM 

if' 

o 

o 

< 

X 

O 

O 

n 

r 

in 

<1- 

CD 

L- 

M3 

c 

M3 

CO 

vO 

M3 

M3 

r 

n- 

00 

00 

00 

n- 

r- 

M3 

M3 

o 

(O' 

if' 

O 

rH 

If' 

cc 

f— • 

o 

r-l  O 

o 

o 

o 

o 

rH 

m 

CO 

h 

CO 

CO 

CO 

m 

in 

rH 

rH 

rH 

in 

in 

r 

co 

r 

4 

CO 

CO 

CM 

CM 

O' 

C 

z 

o 

o 

o 

o 

o 

o 

rH 

rH 

CM  O 

o 

o 

O 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

»-< 

rH 

CM 

CM  O 

O 

O 

o 

O 

rH 

o  L 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

O 

O 

o 

o  c 

>— 

r-H 

CM 

CO 

in 

M3 

* — i 

CM 

co 

rH 

CM 

co 

«— l 

CM 

co 

4 

m 

M) 

r- 

00 

CL  O 

rH 

rH 

CM 

CO 

4 

in 

M3 

r- 

to 

«— i 

r— 

r-H 

r 

r-H 

r 

o 

O 

o 

o 

o 

o 

o 

O 

O 

o 

O 

o 

O 

o 

o 

O 

r— * 

r-H  O 

o 

o 

O 

o 

O 

o 

LU 

l- 

o 

z 

cc 

00 

00 

00 

00 

00 

CL 

CL 

CL 

o 

o 

o. 

o 

rH 

r-H 

rH 

rH 

rH 

r-H 

rH 

«-H 

rH 

fH 

r-H 

CM 

CM 

CM 

(M 

CM 

CM 

CM 

H 

r-H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

fH 

rH 

fH 

fH 

fH 

fH 

rH 

rH 

rH 

D  3 


NOTE  * - *“ 

TYPE  1  SOLIDS  -  ATHABASCA  SAND 

TYPE  ?  SOLIDS  -  OTTAWA  SAND 

TUPE  3  SOLIDS  -  GLASS  BFADS 

TYPE  4  SOLIDS  -  2.5  SG  GLASS  BEADS 


to 

o 


Q 

< 

UJ 

a 


o  c  c 

H  o  VC 

•  •  • 

in  IT  <t 


o  c  o 
a  a  c 


c  o  o 

\C  H  Is- 

•  •  • 

vC  vO  tn 


O  O  O 
r  vch 


<!•  tn  in 


v£  in  vO 


o 

c 

c 

c 

o 

c 

o 

o 

o 

c? 

o 

o 

fH 

rH 

0 

c 

o 

h- 

in 

n 

Cvl 

o 

a 

C' 

9 

• 

• 

# 

• 

• 

• 

• 

• 

• 

• 

• 

n 

n 

in 

vC' 

n 

vO 

CO 

O' 

00 

o 

(M 

f— 

r-H 

rH 

rH 

o 

O 

o 

c 

o 

o 

o 

o 

o 

o 

O 

o 

o 

IT 

c~ 

*-■ 

c 

CN 

o 

o 

O': 

r~< 

v£ 

n 

c- 

vO 

a 

a 

n 

h- 

O' 

CO 

r\i 

O' 

c  n  o 

vO  vO 

•  •  • 

vj’  O  r — 1 


o  o  o 

a  r~>  ir 


O  N  (M 


cvl 

I 

q! 

M 

H 

9 

H 


to 

UJ 


to 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

-1 

O 

o 

o 

r 

o 

o 

o 

r— 

o 

o 

o 

c 

vO 

a 

a 

co 

c\i 

o 

o 

(Nj 

ir 

-4 

r~- 

oc 

i 

rH 

n 

CX. 

o 

CM 

to 

• 

♦ 

9 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

9 

• 

• 

• 

9 

• 

9 

-J 

UJ 

IT 

\f 

in 

in 

'C 

if' 

vO 

n 

r- 

o 

on 

on 

r-i 

rH 

o 

r-H 

(NJ 

(NJ 

UJ 

IX 

9 

• 

• 

9 

rH 

. 

r-H 

rH 

f— ' 

9 

rH 

rH 

rH 

1— 

o 

a 

o 

o 

o 

o 

c 

l/) 

O 

c 

o 

o 

o 

o 

i _ 

•e 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O' 

vO 

tn 

r\j 

0 

O 

n- 

n 

O' 

o 

O' 

o 

o 

r- 

n 

o 

(NJ 

(NJ 

(O 

0 

r — * 

00 

oc 

o 

If'' 

o 

vO 

z 

O' 

• 

• 

• 

o 

• 

• 

• 

O' 

• 

9 

• 

o 

• 

• 

9 

o 

• 

9 

• 

O' 

• 

• 

9 

o 

9 

9 

9 

» — t 

to 

• 

in 

in 

• 

IT, 

in 

in 

• 

in 

vO 

v£) 

• 

vC 

00 

• 

00 

O 

00 

•  1  r-l 

(NJ 

O' 

9 

o 

rH 

v: 

•— • 

o 

O 

O 

o 

o 

c 

rH 

o 

rH 

rH 

rH 

> 

“ 

i— 

c 

o 

o 

o 

c. 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

;Ct 

UJ 

in 

O' 

o 

r 

o 

O' 

o 

vO 

in 

vO 

IT 

vO 

o 

o 

rH 

o 

n 

n 

(O 

o 

o 

< 

UJ 

X 

a 

o 

in 

vO 

o 

in 

vO 

\0 

o 

Is- 

vO 

n- 

JO 

r- 

n 

n 

O 

r~ 

00 

o 

o 

rH 

o 

c 

(NJ 

(NJ 

(O 

LJ 

to 

i  ^ 

rH 

rH 

rH 

rH 

rH 

Ll 

to 

_ 

_ 

O 

*- 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

to 

co 

vO 

o 

n 

o 

in 

co 

O' 

(NJ 

(NJ 

(O 

o 

n 

CO 

n- 

o 

n- 

(O 

O' 

o 

o 

(O, 

co 

v0 

o 

o 

UJ 

• 

o 

• 

co 

• 

• 

9 

CO 

* 

ft 

• 

(O 

• 

• 

ft 

(O 

• 

9 

9 

• 

• 

9 

(O 

• 

9 

9 

z 

1 — 

m 

vO 

in 

vO 

vO 

vO 

o 

r- 

on 

o 

t- 

O' 

o 

O 

(NJ 

(O 

<r 

S' 

rH 

■ 

r-H 

c 

•  o 

o 

o 

o 

o 

C 

►“H 

o 

o 

O 

o 

o 

O; 

o 

D 

• 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

!o 

o 

o 

o 

o 

o 

o 

o 

o;  o 

c 

c 

C' 

o 

o 

o 

-J 

to 

• 

O' 

n 

vO 

• 

r-H 

co 

00 

9 

O' 

CM 

o 

• 

o 

If 

(NJ 

• 

m 

vO 

(NJ 

• 

00 

in 

r-H 

• 

vO 

co 

Ll 

• 

• 

• 

t"H 

• 

• 

• 

<-• 

• 

• 

• 

<-• 

• 

• 

9 

rH 

• 

• 

• 

• 

9 

9 

• 

9 

9 

_ 

v+ 

in 

r- 

V0 

m 

in 

r- 

n- 

vC 

a. 

n- 

00 

oo 

O 

O' 

o 

o 

(NJ 

(NJ 

rH 

1 — 

r— t 

rH 

rH 

rH 

10 

h- 

o 

O 

o 

O 

o 

o 

© 

►— « 

Ll 

• 

• 

• 

• 

• 

• 

• 

C 

fM 

o 

o 

o 

o 

CNJ 

o 

o 

o 

O  Im 

o 

o 

o 

O 

<nj 

o 

o 

o 

o 

(NJ 

o 

o 

o 

o 

(NJ 

o 

o 

o 

O  i  (NJ  O 

o 

o 

o 

r-H 

(O 

0 

s. 

nj 

o 

rr\ 

(NJ 

IT 

*:f 

(NJ 

o 

1,0 

(NJ 

f- 

o 

n 

co 

m 

a 

CL 

1 

o 

s: 

• 

in 

IT 

o 

9 

vL 

vO 

n- 

vO 

• 

in 

vO 

vO 

U' 

• 

vC 

t- 

r- 

• 

o 

O' 

o 

CO 

• 

o 

(NJ 

(NJ 

rn 

•  ; 

r-H 

rH 

co 

(NJ 

UJ 

lT> 

IT' 

m 

in 

in 

rH 

in 

rH 

r-i 

r-H  1  m 

rH 

rH 

rH 

rH 

»- 

h- 

_ 

n- 

n- 

r- 

o 

o 

O 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

X 

O 

vO 

CM 

O 

nj 

1/ 

1C 

OJ 

n 

00 

o 

(XI 

O' 

o  O' fin 

n 

(N 

o 

(NJ 

o 

(O 

n 

n- 

m 

CO 

<r 

o 

vD 

00 

in 

n 

to 

rvj 

UJ 

• 

<* 

• 

o- 

in 

m 

vO 

• 

r- 

vO 

vO 

l/' 

• 

vO 

n 

vO 

a; 

• 

o 

00 

n- 

r- 

• 

*-! 

o 

rH 

9 

(O 

rH 

2: 

00 

O 

m 

o 

m 

o 

rH 

rH 

rH 

rn 

in 

rH 

rH 

rH 

rH 

rH 

1 

cm 

(O 

to 

<L 

1 

>— 

c 

rH 

o 

O 

o 

o 

. - 

nj 

o 

o 

o 

o 

CO 

o 

o 

o 

o 

<r 

o 

o 

o 

o 

in 

o 

o 

o 

o 

vC 

o 

o 

o 

o 

no 

o 

o 

o 

to 

z 

o 

nj 

in 

vO 

o 

n 

o 

o 

O' 

O' 

vO 

o 

o 

vn 

rn 

o 

00 

o 

(O 

n- 

vO 

o 

(O 

O' 

rH 

oi  n 

rH 

O' 

vn 

UJ 

y— 

r-H 

in 

m 

in 

in 

m 

in 

rH 

vO 

vO 

00 

in 

rH 

r- 

n 

00  vC 

r-t 

00 

o 

o 

CO 

rH 

O' 

rH 

o 

1 - 1 

r-< 

(NJ 

o 

co 

(Nl 

rH 

r-H 

r-H 

r-H 

H 

r-H 

rH 

rH 

_ 

lJ™. 

D  5 


l/) 

)o 

•z 

;c 

< 

Lu 

Q' 


o 

O 

o 

o 

r 

OJ 

I— ( 

o 

• 

• 

• 

• 

CO 

OJ 

nO 

o 

1 — 1 

f-H 

f-H 

OJ 

o 

o 

o 

o 

vC  r\j  r\j 

•  •  • 

<4-  in 


a 


o 

u  a 

•  • 

c\j  e 
oj  cm 


o 

cm 

• 

(M 


C 

rvj 

o 


TJ 

G) 

g 

H 

-P 

cs 

o 

o 

I 

C\J| 

I 

Ql 

w 

9 

6h 


<r 

K 

< 

e 


to 

LU 


e? 


o  o  o 

to 

rH  r-H 

C  to 

•  •  • 

|-J  LU 

nO  CO  nO 

ll  a 

• 

!—»  f-H  r-H  • 

1*-  J— 

o 

!oi 

>  to 

*  i 

O  O  O  {— ♦ 

O' 

rH  CO  cr*  |0': 

Z  U 

O' 

•  •  •  O'l 

•• — •  to 

• 

Is-  f'"  to  1  #j 

V  •— 

o 

r*H  r-H  r-H  CT' 

> 

1  ! 

c 

Lu 

LU 

a 

to 


Ll 

o 

o 


to 

I — 

to 

LU 


O 


PC;  «!o 


to 


o 

•4 

Oj 


io 

in 

h- 


o  o 

U  H 

•  • 

vO  O 
CM  f — t 


o  o 

cr  f\J 


o  o  o 

O  O  NO 


1C 


o 

•4 


o 

Ol 


O 

o 


o  o  o 
O  in  cm 

•  •  • 

H  (M 

OJ  CM  <\J 


o  o  o 

r-<  CM  CM 

•  •  • 

CO  CM  CM 

oi  cm  oi 

!  ;o  o  o 

O'  *4  r— I 

•  •  • 

!  f-H  rH  Ol 

•  cxi  cm  eg 

p 

[o'SSS 

0  •  •  • 

•  H  n  ffl 

'O  oi  oj  oi 

i  i 


■ 


a,<f  vc 


o  o  o 
•— <  O  to 

•  •  • 

CD  to  vO 


o  a 

r-H 

1 _ ! 


;  jO 

00 
coi  • 

l 

I 


Oj 


OJ 


o  o 

I—  o 

•  • 

h-  r-( 

r-H  OJ 


a  o  o 

to  co  u \ 


o  O  '  r-H  r- 
OJ  OJ  OJ 


o  o 
to  NO 

•  • 

O  OJ 
OJ  OJ 


e 

o 

o 

o 

c 

o 

O 

o 

o 

c 

c 

O 

a 

in 

f-H 

■4- 

(o 

OJ 

co 

CO 

OJ 

r- 

if. 

• 

« 

• 

• 

♦ 

• 

• 

• 

• 

• 

• 

• 

to 

r- 

a 

n 

a 

in 

OJ 

o 

00 

m 

o 

in 

OJ 

OJ 

OJ 

o 

OJ 

O'* 

OJ 

OJ 

f-H 

f-H 

I-H 

OH 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

c 

o 

r— < 

r--' 

c 

o 

NT 

in 

o 

o 

<f 

h 

o 

a 

9 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

• 

to 

o 

•4 

0 

f-H 

r*H 

OJ 

o 

to 

O 

h 

O' 

OJ 

OJ 

OJ 

OJ 

CO 

CO 

OJ 

l-H 

OJ 

f-H 

f-H 

Ho 

o 

o 

no 

o 

O 

io 

o 

o 

f  To 

O 

o  1 

a 

IT' 

If 

k 

NO 

cc 

in 

OJ 

c 

-4 

nO 

;  ;  • 

• 

• 

i  • 

• 

• 

• 

* 

• 

• 

• 

* 

*  4  O 

o 

a 

ir- 

o 

r-H 

o 

CO 

NO 

o 

O 

e-i 

j  .  OJ 

OJ 

OJ 

•  OJ 

co 

co 

•  OJ 

OJ 

OJ 

•  r— « 

, - 

r-H 

!o 

oj 

o 

o 

j 

u 

j  } 

i  O 

o 

o 

j© 

O 

O 

o 

o 

o 

o 

c 

o 

jo-'c 

o 

o 

c  o 

in 

O 

a  in 

CO 

o 

O'  OJ 

NO 

in 

jC  • 

• 

• 

•0  i  . 

• 

9 

O'  . 

9 

• 

O'  . 

• 

• 

•  in 

C 

-4 

•  -4 

if 

rH 

•  O' 

O' 

o 

j  •  OJ 

f-H 

r 

o  oj 

OJ 

OJ 

O  cc 

O' 

co 

O  r*H 

r-H 

OJ 

O  r-H 

r-H 

r-H 

i-J 

j _ | 

,  I-II 

1° 

o 

o 

1  o 

o 

o 

o 

o 

o 

o 

o 

o 

i  o 

in 

Oj 

0 

o 

NO 

r-H 

OJ 

o 

-4 

|o  oc 

a 

nD 

j  o  o 

OJ 

o  a 

h- 

O 

o  o 

Oj 

OJ 

I  |OJ 

OJ  OJ 

i  OJ 

CO 

CO 

lr— 4 

f-H 

OJ 

i  1- 

f-H 

r-H 

( 

> 

!° 
CO  vO 
O'  • 

;•  .  oj 
—  OJ 

;Oi 


lo 

OM  vO 
co,  • 

!  <*■ 
— oj 

o! 


o  o 

OJ  o 

•  • 

o  CO 
OJ  oj 


cc 

io 


o  o 

o  o~ 

•  • 

00  <J- 
■  OJ  CO 


o 

in 

co 

CO 


;0 


O'. 

CO 


o 


o  o 

00  NO 

•  • 

I — *  nO 

CO  r-H 


o 

o 

• 

OJ 

co 


o'  ;o 


CT 


O 


o  o 

•4  CO. 

•  • 

r— 1  O 


13 

1° 

oi 

O 

ol 

o 

o 

o 

b 

• 

*o 

o 

o 

o 

C-!C 

o 

o 

O 

o 

o 

o 

o 

o 

o  o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

c. 

o 

-J  to 

• 

NO 

in 

If' 

• 

r-H 

r- 

NO 

• 

m. 

NO 

Ol 

;  • 

o 

OJ  co 

• 

cr 

cr 

-4 

• 

au 

co 

O' 

• 

O' 

-4 

lu 

r-H 

• 

• 

• 

t~< 

• 

• 

• 

r-H 

• 

• 

• 

‘rH 

• 

•  • 

r—  * 

• 

• 

• 

r-H 

• 

• 

• 

, — • 

• 

• 

• 

OJ 

m 

_ 

o 

o 

o 

u> 

CO 

Ol 

_ Io- 

CO  00 

a 

rH 

m 

co 

IT 

r' 

rH 

\Q 

b~ 

rH 

f-H 

r-H 

r- 

OJ 

OJ 

OJ 

rH 

OJ 

!  OJ 

CM  CM 

OJ 

O' 

O'. 

" 

OJ 

OJ 

OJ 

f-H 

f-H 

Ito 

J— 

° 

O 

:o 

O 

o 

O 

in 

!*—• 

lu 

• 

• 

• 

• 

• 

• 

• 

ic 

OJ 

o 

o 

o 

o 

OJ 

o 

o 

o 

o 

rx 

o 

O 

o 

o 

OJ 

O 

o  O 

O  JO 

o 

o 

O 

o 

rH 

O 

o 

O 

o 

o 

o 

c 

o 

o 

\f) 

0^ 

fT| 

1 _ 

o 

_ i  C< 

GO 

co 

>3- 

o 

c  r 

nT 

nC 

CM 

O'. 

IT' 

in 

in 

O'' 

m 

rvj 

\C 

0' 

;cl 

o 

9 

• 

• 

• 

o 

• 

• 

• 

• 

o 

• 

• 

• 

• 

o 

• 

•  • 

• 

O 

• 

• 

• 

• 

o 

• 

• 

• 

• 

O 

• 

9 

• 

• 

is 

• 

NO 

cn 

nO 

If. 

• 

c 

o 

o 

CL 

• 

Ol 

O' 

OJ 

Ol 

• 

CO 

cr  <r 

Cr 

• 

o 

c 

O' 

O 

• 

CO 

o 

■4- 

a 

• 

r-H 

nT. 

NO 

O' 

•lu 

in 

r-H 

f-H 

rH 

rH 

in 

f-H 

f-H 

rH 

OJ 

m 

OJ 

OJ 

OJ 

OJ 

NO 

OJ 

OJ  CM 

OJ 

NO 

CM 

OJ 

OJ 

cr 

NO 

PH 

Ol 

OJ 

f-H 

vO 

f-H 

»-h 

f-H 

rH 

>— 

r- 

o 

[L 

r- 

n 

L. 

o 

J 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O  O  O 

© 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

X 

o 

00 

cn 

o 

o 

o 

o 

0 

o 

o 

rH 

f-H 

CO 

00 

o 

o 

u  <XJ 

nD 

OJ 

*0 

n 

CO 

CM 

-4 

f— 4 

-4 

IT 

o 

vO 

0 

f-H 

tr* 

to 

NO 

LU 

• 

-4- 

in 

•4" 

•4" 

• 

cc 

oc 

o 

CT 

• 

OJ 

OJ 

CO 

CO 

• 

>4 

■4  CM 

OJ 

• 

O' 

cr 

CM 

O' 

• 

>4 

CM 

O' 

CO 

• 

r 

O'  o 

CM 

S 

o 

rH 

r-H 

r-H 

rH 

o 

rH 

f-H 

f-H 

OJ 

o 

OJ 

OJ 

Ol 

OJ 

o 

OJ 

OJ  (\| 

CM 

o 

Ol 

-4 

OJ 

OJ 

OJ 

CM 

OJ 

f-H 

CM 

>4 

f— 

rH 

rH 

m 

NO 

b 

00 

rH 

r— < 

t — 

O 

00 

o 

O 

o 

o 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

r-H 

o 

o  O 

O 

OJ 

o 

o  o 

O 

O 

o 

O 

O 

-4 

o 

o 

o 

o 

to 

z 

o 

OJ 

00 

00 

o 

O' 

O 

co 

* 

f-H 

O' 

CO 

OJ 

co 

rH 

OJ 

-4  r-H 

f-H 

r-H 

nC 

o 

-4 

OJ 

f-H 

<r 

NO 

n£> 

in 

f-H 

<r 

>4 

O' 

n 

u 

1— 

r-H 

in 

•4- 

in 

in 

r-H 

m 

in 

-4 

Oj 

f-H 

in 

CO 

OJ 

o 

rH 

o 

nOO 

m 

rn 

00 

r 

OJ 

CO 

00 

rH 

if' 

a 

rH 

o 

O' 

CO 

Ol 

r-H 

f-H 

f-H 

f-H 

f-H 

r-H 

OJ 

Ol 

OJ 

OJ 

Ol 

CO 

CO 

OJ  CM 

OJ 

Ol 

co 

cr 

co 

MTf. 

rH 

OJ 

f-H 

r-H 

J 

r-H 

r-H 

f-H 

D  6 


1)  7 


01*91 


I 


D  8 


'd 

a> 

g 

•H 

a 

o 

o 

I 

C\l| 

I 

qI 

w 


< 

C 


c 

:z 


I-  => 
Ll  — I 
vi  Li. 


i 

1 

o 

o 

o 

o 

C 

CO 

j 

CM 

o 

r- 

m 

eg 

m 

• 

• 

• 

• 

• 

• 

n 

o 

in 

o 

CM 

<e 

i 

e-H 

CM 

r-H 

f-H 

CM 

CM 

’  to 

eo 

z 

o 

o 

o 

o 

o 

O 

►-H 

VC 

<}• 

n 

a 

1C 

0 

C 

• 

• 

• 

• 

• 

• 

<L 

in 

NO 

i0 

r-H 

f-H 

f-H 

LL 

•-* 

rH 

rH 

CM 

CM 

CM 

or 

o 

o 

o 

o 

o 

O 

l/) 

o 

vO 

in 

r-H 

n 

o 

C 

to 

• 

• 

• 

• 

• 

_J 

Ll 

f-H 

O' 

r-  • 

o 

o 

nC 

Ll. 

O 

• 

CM 

f-H 

r-H 

• 

CM 

CM 

eg 

• 

t— 

o 

o 

o 

>- 

to 

O 

o 

o 

o 

o 

O 

o 

CM 

O' 

CM 

O' 

o 

in 

O 

0 

z 

O  O' 

. 

• 

• 

O' 

• 

• 

• 

0 

f— « 

to 

•i  m 

00 

e- 

♦ 

CM 

rH 

in 

•< 

♦— « 

o 

r-H 

f-H 

f-H 

o 

CM 

CM 

f-H 

o 

> 

— 

— 

coo 

r  o 

•  •  • 

(\J  v£!  N 

ce  eg  eg 


o  o  o 
o  or  ce 

•  •  • 

M  O  v£) 

r  eg  eg 


o 

eg 


ir\ 

o 


o 

o 

• 

r\j 


in 


D 

< 

I 


C 

Lu 

LU 

a 

in 


o  o  o 

(M  h  O' 


o 

o 

z 


</)! 

i— 

l n 

u. 


LD 

tO 


CM  CM 

re  • 


°j 

o! 

CIO 
•  00 
rH  • 


o  o 
re  <f 

•  • 

n-  r- 


o  o 

o  vO 

•  • 

v£>  o 


t— 

CM  f-H  f-H 

to  L— 

O 

o 

f-  Ll 

• 

• 

C 

CM 

o  o  o 

CM 

O  O'  vf 

a 

o 

... 

o 

x 

• 

m  e-  m 

• 

LL 

in 

rH  r-H  r-H 

in 

t— 

r- 

n- 

o  o  o  o 

X 

o 

re  v£  o 

o 

to 

e- 

•  .  *  • 

CL 

Ll 

• 

MNiO  O 

• 

X 

o 

f-H  cm  cm  eg 

O 

NO 

L-  O 

00 

o  o  o  c 

a 

to  z 

o 

<f  ce  m  o 

° 

LL 

h- 

m 

m  vo  go  O' 

cn! 

r-H  r-H  f-H  r-H 

! 

O 

o 

c 

c 

o 

in 

c 

c 

• 

• 

• 

• 

eg 

go 

oc 

a 

f-H 

rH 

o 

o 

c 

c 

a 

in 

c 

c 

* 

• 

• 

• 

rH 

IT' 

O 

r-H 

r— 1 

o 

O 

!  !  o 

C 

a. 

in 

in;  o 

ir  C 

• 

• 

ce>  • 

Ice!  • 

f-H 

in 

o  o 

j  O'  o 

o 


0  CO  O'  lO 
O  «  O'  • 

•  rH  •  IT\ 

o  o 


o  o 
o  O'  O  IT, 


•  CM 
O 


o 


o  o 


i 

r 

go  o  O  nC 
in  •  •  tn 
•  r-  oo  • 
re  r-H  f-H  o 


rH 

in 

in 

CM 

go 

oc 

CM 

o 

f-H 

r-H 

CM 

o 

o 

o 

o 

O 

o 

in 

r- 

a 

o 

O 

o 

• 

rH 

• 

rH 

• 

• 

rn 

• 

CM 

vO 

e- 

00 

o 

/ 

r-H 

rH 

rH 

o 

O' 

o 

o 

o 

00 

oc 

o 

o 

o 

f-H 

o 

o 

r-H 

o 

rH 

• 

in 

in 

• 

o 

o 

• 

o 

• 

f-H 

• 

• 

•-* 

• 

• 

rH 

• 

eg 

in 

go 

O' 

go 

O' 

rH 

rH 

rH 

in 

O 

O 

• 

• 

• 

o 

f-H 

o 

o 

rH 

o 

o 

r—' 

o 

o 

o 

in 

o 

o 

— 

o 

• 

o 

• 

• 

o 

• 

• 

o 

• 

rH 

• 

e- 

go 

•  n- 

• 

o 

Is- 

go 

rH 

rH 

v£) 

rH 

r- 

n- 

n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

ir 

o 

• 

o 

• 

• 

ce 

• 

• 

fe 

• 

f-H 

• 

vO 

O' 

• 

r- 

• 

CL 

ce 

in 

•— < 

fH 

O 

rn 

CM 

1 

ce 

— — 

o 

m 

o 

o 

f-H 

c 

o 

CM 

o 

oc 

o 

m 

o 

o 

o 

o 

O 

o 

r-H 

ir 

r~- 

in 

e- 

gol 

in 

r-* 

l 

rH 

r— 

CM 

o  o  c 
m  o  o  ir  o 


18.00 


IO 

O 


o 

<T 

s 


o 

c 

• 

4- 

(M 


or 


j 

i  to 

in 

o  to 

co 

-_l  LU 

O 

LU  Qi 

• 

J*-H  1 - 

o 

>  to 

c 

c 

• 

<4 

to 


C 

c 

<4 

co 


c 

c 


o 

c 

• 

r- 

■4- 


o 
if  o 

m  » 

O  v£ 
•  CO 

o 


o 

o 


c 

c 

• 

4- 


I  O 
ini  o 
co  • 
o  in 

oj" 


ivO 

;^i 


co  <t 


!  jo 

in  o 


<M;r~- 

<4 


O 
vO  O 

IfY  • 

.  o 

CO  co 


'  o 
m  o 


nj  m 
•  co 


c 
m:o 
co  • 


4- 

— 

;r\j 

OJ 

\(f)  t 

o 

o 

o 

j-  Ll 

• 

• 

• 

c 

r~l 

io 

r— 

o 

: 

i  {-> 

o 

a 

°  * 

o' 

• 

o 

5: 

•!o 

* 

<1- 

• 

LU 

vOiCM 

vO 

CM 

vO 

H- 

M 

4- 

t" 

L 

_ 

o 

O 

I 

o 

o 

in 

o 

o 

to 

<4 

LU 

• 

i— i 

• 

4- 

• 

s: 

m 

(M 

o 

CM 

o 

co 

v4 

in 

4-  o 

CO 

O 

<4 

O 

if 

to  z 

o 

O 

o 

O 

o 

LU 

H— 

m 

cm 

in 

vO 

if 

cm 

r\j 

O  ‘o|  ;o 
o!o  O  O  ;0 


o- 

co 


VO! 

<0 


o 

o 


o 

o 


vO 

co 


m 

jn 


4- 

o 

vO 


in 

m 


NO 

(o 


in 


in' 

•  o 

m  Sen 

<t! 


o  4- 
o  o 


in 


o 

o 


a 

cm 


c 

c 

c 

c  c 

r 

r 

c 

o 

c 

C 

o 

c 

c 

C  C' 

o 

in 

o 

o 

if 

O 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

(M 

<r 

o 

cm  m 

<4 

vf) 

vD 

CM 

CM 

m 

co 

CO 

■4- 

<4  CO 

CM 

CM 

CM 

CM 

CM 

f-H 

o 

c 

c 

o  o 

O 

O 

o 

CO 

C 

o 

O 

c 

c 

c 

c  c 

O 

o 

c 

c: 

if 

c 

c 

• 

• 

• 

•  # 

• 

• 

• 

• 

• 

• 

• 

<4 

CM 

r~*  o 

h 

<4 

if 

vC 

f-H 

00 

<4 

O' 

CO 

<4 

>4  <4 

CM 

CM 

CM 

CM 

CM 

f-H 

rH 

-  -  - 

o 

c 

c 

c 

o  o 

IO 

o 

O 

O 

O 

o 

o 

o 

o 

o 

If 

c 

c 

a 

o  o 

If 

!o 

If 

o 

o 

o 

o 

u 

if  o 

o 

• 

• 

co 

• 

• 

r 

•  • 

O'! 

!  • 

CO 

• 

• 

• 

• 

• 

O'  • 

« 

f\J 

CM 

O 

C 

If 

o 

<4  <4 

o 

<4 

o 

CO 

If 

in 

<4 

r-H 

O  <4 

<4 

co 

CO 

• 

>4 

<4 

• 

<4  <4 

• 

- 

• 

CM 

CM 

CM 

CM 

CM 

•  r-H 

rH 

o 

o 

° 

■ 

o 

o 

o 

c 

C 

c 

-1 

o  o 

— • 

o 

O 

O 

o 

O 

O 

'  o 

o 

o 

o 

vO 

c. 

o 

vO 

o  o 

o 

U'l 

vO 

in 

O 

o 

o 

o 

vf,  O 

o 

• 

• 

in 

• 

• 

If' 

•  • 

If' 

'  • 

If 

• 

• 

• 

• 

• 

If  • 

• 

nj 

co 

•  CM 

r 

• 

O  r-H 

• 

CM 

• 

in 

if' 

If' 

CM 

o 

•  in 

vO 

co 

CM 

co 

<4 

<4 

co  in  >4 

iCO 

rH 

CO 

CM 

CM 

CM 

CM 

CM 

(O'  f-H 

f-H 

u 

— 

Li 

o 

c 

JC- 

c. 

o  o 

O 

o 

O 

o 

O 

o 

o 

o 

o 

o 

If 

O 

O 

If 

o  o 

o 

in 

o 

o 

o 

o 

o 

o 

if.  ;o 

o 

in 

f-H 

CM 

V" 

CM 

in  CO 

lin 

OsJ 

u# 

O' 

CM 

f-H 

4 

If 

CM  CO 

<4 

co 

CO 

:<4 

<4 

<4  in 

CM 

CO 

CM 

CM 

CM 

IrH 

rH 

ti 

- 

”7 

o 

o 

o 

o 

O 

o  o 

O 

o 

O 

O 

O 

o 

o 

o 

o 

o 

o 

a 

o 

o 

0,0 

00 

O 

<4 

o 

o 

o 

o 

o 

0  o 

o 

• 

# 

•  r— 1 

• 

• 

CM 

•  • 

• 

in 

• 

• 

• 

• 

• 

---  • 

• 

rH 

CO 

<4 ! 

f-H 

u 

CC  O' 

<4 

O' 

o 

r—1 

CM 

o 

f-H 

<4 

CO 

CO 

CO 

<4 

<4 

<4  -4 

CM 

co 

CM 

CM 

CO 

rH 

rH 

O' 

a 

O' 

O- 

O  ! 

a 

oc 

00 

00 

a  ; 

o 

o 

Oir-I 

c 

c.< 

o  o 

r-H 

O 

O 

o 

O 

O 

o 

e 

f-H  iO 

o 

o 

o 

oj  • 

o 

o 

• 

o  o 

•  :o 

• 

if' 

CD 

o 

o 

o 

o 

•J° 

o 

• 

• 

• 

*-* 

• 

• 

f-H 

.  . 

f-H 

• 

*-H 

• 

• 

• 

• 

• 

• 

t— '  |  • 

• 

r~ 

rH 

CM 

H 

o 

If  cc 

vO 

0 

<4 

in 

O' 

CM 

_ '>0 

rH 

CO 

CO 

CO) 

>4 

<4 

in  co 

rH 

CM 

CM 

CM 

CM 

CM 

O' 

;rH 

r-H 

o 

o 

0| 

in 

If' 

• 

• 

• 

• 

o 

o 

O 

f — 1 

o 

e 

o  o 

o 

f— 1 

o 

r~* 

o 

o 

O 

o 

o 

o 

» — 1  o 

o 

<3 

o 

o 

o 

o 

o  o 

O-i 

_ lr~>  i__L  ir> 

o 

IP 

IP 

o 

— Jn 

o 

• 

• 

• 

O 

• 

• 

O 

•  • 

• 

O  j  • 

o 

• 

• 

• 

• 

• 

•  b  • 

• 

rH 

<4 

C\l 

• 

n- 

If 

• 

if  o 

r- 

• 

CM 

• 

O' 

CM 

vO 

co 

If 

o 

•  If' 

in 

CO 

CO 

CO 

■4- 

<4 

<4 

vO 

CO  <4 

<4 

vO 

rH 

vO 

CM 

CM 

CM 

CM 

CM 

CM 

vD'^C 

r-H 

4- 

n- 

4- 

4- 

o 

o 

o 

o 

o 

— 

o  o 

O 

o 

o 

O 

O 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o  o 

o 

o 

O 

CM 

in 

o 

o 

o 

o 

If 

1C  o 

o 

in  co 

o 

• 

CO 

co 

• 

CO  rH 

O' 

• 

CO 

• 

OL 

rH 

CM 

o 

o 

O' 

•  00 

in 

CO 

<o 

CO 

o 

<4 

*4- 

o 

CO  <4 

co 

<4 

CD 

CM 

CM 

CO 

CM 

O' 

CM 

CM  rH 

rH 

00 

00 

3 

o 

o 

o 

cc 

o 

o 

'a- 

o  o 

o 

rH 

o 

CM 

o 

O 

o 

o 

o 

o 

co  ,o 

O 

o 

o 

o 

o  jo  o 

D 

o  o 

o 

o 

m 

D 

in 

in 

in 

in 

o 

o 

b  b 

o 

CM 

CM 

co 

in 

CM 

CO 

m 

in  in 

00 

vO 

<4 

vO 

cc 

in 

vO 

in 

CO 

sC 

vO  ;<4 

CM 

CO 

CO 

co 

<4 

<4 

CO  CO 

CO, 

f-H 

CM 

CM 

CM 

CM 

CM 

CM 

IrH 

rH 

D  10 


to 

o 


c 

< 

Llj 


■  a 


o  o  o  o  o 
o  o  o  o  o 

•  •  •  •  • 

O'-  0s  ^ ^  f — i 
• — i  < — »  cm  cm  oj 


o  o  o  o  o 

C  CO  c  o 

•  •  •  •  • 

h  O'  oo  in  h 

rH  rH  H  CM  CM 


tj 

0 

§ 

-p 

a 

o 

o 


OJ 

i 

Q 

w 

t-3 

OQ 

H 


lx 


to 

to 

lx 

Q 


>-  tx; 


z  o 
*-<  to 


c 


t r  • 

u. 


tr 

c<~ 

o 

• 

o 


45 

tx 

• 

co 


Q 

< 

I 

o 


c 

Ll  Sr 
ixj  . 
qJcm 
to 


ix 

O 


O.  C 

zt,  z: 


to 

p- 

to 

ixi 


e> 

to 


to 

►— I 

c 


a 

IxJ 


I 

to 

111 

S 


t0 

LX 


IT 


O 

o 

o 

CM 


O 

o 

o- 


o  o  o  o 
o  o  o  o 

•  •  •  • 

O  O  00  rH 
H  OJ  H  CM 


o  o  o  o 
o  o  o  o 

•  •  •  • 

CM  O'  rH  O 
CM  i — i  CM  CM 


o  o  o  o  o 
o  o  o  o  o 


r-  a 


oc  cc  cm 

r — t  r — l  C\J 


tr, 


(XI 


o 

o 

• 

00 


o 

4) 

1^ 


4 

o 


4> 


o 

o 

• 

O' 


o 

o 

• 

4 

CM 


o  o  o  o 
o  o  o  o 

•  •  •  • 

o  r-  o  cm 

CM  rH  CM  CM 


o  o  o  o 
o  o  o  o 

•  •  •  • 

CO  CO  (\J  CO 
CM  CM  CM  CM 


ico 


o 

o 


o  o  o 
o  o  o 

•  •  •  • 

O'  rH  o  4 
rH  CM  CM  CM 


o  o  o  o  o 

O  O  CM  O  O 


o  to  cm  co  in 

CM  CM  CM  rH  CM 


O  O  O  O  O  O 

o  o  o  o  o  o 


O'  co  oo  O'  r  in 
rH  rH  rH  rH  CM  CM 


45 

O 

r- 


c  c  c 
c  c  c 

•  •  • 

cc  in  4 

4  4  4 


c  c  c 
c  c  c 

•  •  • 

lO,  i — i  c 

4-4-4 


c  c  c 
c  c  c 

•  #  • 

h-  4  C 

CO  4  4 


o  c  c 

o  o  o 

•  •  • 

to  m  co 

o  4  4 


o  o  o 
o  o  o 


c 

CD 

O 

c 

c 

O 

c 

C 

O 

1 

c 

c 

to 

tO 

to 

0 

IX' 

tr 

tX 

O 

c. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0 

0 

O 

45 

45 

4) 

4) 

45 

CO 

4 

rH 

.H 

1 - 1 

rH 

rH 

O 

O 

O 

O 

O 

O 

C 

O 

O 

O 

.  O 

c 

IT' 

to 

to 

IX 

tr 

tr 

IX 

C 

r 

c 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

O' 

O 

0 

to 

45 

O 

4) 

4, 

c 

CM 

If 

CO 

o 

o 


v0 

IX 

co 


o  o  o 
IX  '  to  to 

•  •  • 

o  o  o 


o  o  o 
O  to  o 

•  •  • 

O  O  rH 


O  O'  CM 
4-  m  4- 


IO  o  o 

O  jlO  to  to 


IX  o  o  o 


o 

o 

• 

o 

4 


o 

o 


o 


o 

o 

• 

o 

4 


o  o 
o  o 

•  • 

O  CM 

4  4 


o  c 
o  o 

•  « 

CM  0L 
4  4 


o  c 

o  c 

•  • 

H  IX 

4  4 


.O' 

oc 


o  o  o 
o  to  to 

•  •  • 

00  O'  00 


o  o  o 
•  jo  to  o 

_jo  o  o 


o  o  o 
o  c  o 


o 

IX> 

r- 


o  o 

to  to 

•  • 

O  00 


o 

o 

• 

O' 


to 

O 


45 


45  CM  IX' 
CO  4  4 


o  o  o  o 
o  o  o  o 


o 

o 

• 

CO 


o  o  45  o 

4  4  4  4 


o  o  o 

to  O  to 


o 


o- 


o 

o 

• 

O' 


o 

o 


O'  O  O  rH 


o  o  o 

O  O  to 


o 

to 


O'  O  O'  00 


tr 

co 

a 

• 

o 


to, 


o  o  o 

to  O  O 

•  •  • 

vo  r~-  45 


o  o 
o  o 


o 

o 


o  o 

4>  O  vO 

•  •  •  to  •  • 

O-  vo  vOj  «  r  LO 
ICO 


C:  O 
C  IX 

•  • 

4)  4 


o  o  o 

O  O  IT 


o 


vO  r-  o  to 


o 

o 

• 

4) 


O' 
a. 

rH  j  O 

• :  to 


<1 


J  4) 

I 

lO| 

•! 

r-Hj  O 

— i  o 

°!  * 

•  h~ 
lOi 

M 


o  o 
to  IT 

•  e 

45  O- 


o  o 
O  to 

•  • 

4)  4> 


CM 


o  c 

to  to 


4  4 


o  o 

O  to 

•  • 

to  to 


o 

CM 

o 


jO 
4)  0  4) 
uni  •  vS 
•  0- 


CD  O 

CM  • 

oo- 

oi 


CM 


'cm 


1  o 

IT,  j  O  lO 
CM  O-  CM 


o 

c 

• 

o 


o  c 
o  o 

•  • 

O  rH 


o 

ojo 

CM  • 
O  rH 
•  ‘  rH 


o 


:  O 
4)  O 
to  • 

•  f— I 

CM  H 


O  O!  ; O 

o  o  'to  o 


o  c ;cmi4 

rH  rH  iH 


ai 

a 

r-n;  O 

•  o 


o  o 

to  104 

•  • 

4)  4) 


o 

tr\ 

•  • 

to  4) 


O  ■  ;  O 

O  OO 

• 

SO 


o  i  o 

O  |CM  O 


O' 


O'  i 


o 

o 

• 

0- 


cm: 

H 

rH  jo 

•  o 
^  • 

CM 


R 

;co 


!co 


o 

o 


o 

o 

• 

i  CM 


to 

'  • 


to 


O 

O'  o 


o  o 

to  to 


CM 

*0 


4)  to  O 


o 

o 

• 

4) 


O 

O 


0  0-0' 
O  10*0 


4)  45  4) 


O  O 
O  O 

•  • 

4  4) 


o  o 

IX  o 


0 

r~>  _ c 


!5] 

I  •jC' 
f  O'  i 
in- 


r — (  o 

o 


•  o 


•  o 

O' 


O 


!  ^ 

Sun 

i  • 

O  ;H  o 

O; - ,0 

•  jo  i  • 

CO  *1X0 

rH  45  rH 

I — 

■  ! 


:  i° 

CM  UO 


I 

i  ^ 

4)  ,0 


O  OO 
O  OC  o  o 


tXN  to. 


o  o 
o  o 


!  *;45  !  •  O  o 

1 00 1 


2  • 
rH, 


O/rHjO 

o  10  !o 


;(M  o 

P  O 

,  • 


o 

o 


4) 

Uh 

p 


to  to  l^!C0:O  OC  o  iH 


hi  r~l 


o  o 
o  o 


CM  CM 


D  12 


to 


c  c  c  c  c  c  c 

c  o  c  c.  c  c  c 

•  •  •  •  •  «  • 

CC  IT'  <f  CL  CC  O'  O' 

m  m  r\j  • — i 


c 

o 


o 
o 

•  • 

in  o 
r\i  m 


o 

o 

• 

o 

cn 


o 

c  o 

c 

c 

c 

c. 

in  in 

c 

c 

c 

• 

•  • 

• 

• 

• 

o 

in 

O' 

f" 

h 

f\l 


r\l 


D  13 


o 

►-H 

C 

,< 

liJ 

o- 


O 

0 

O 

in 

c 

in 

0 

• 

• 

vO 

r 

r\j 

rH 

0 

O 

0 

O 

IT 

O 

iTi 

c 

• 

• 

• 

• 

ir 

r~ 

nC 

CsJ 

o 

ix 


o 

ix 


C 

0 

O 

O 

c 

O 

0 

O 

m 

0 

0 

O 

c 

in 

in 

in 

• 

• 

• 

• 

• 

• 

• 

• 

n 

ro 

in 

0 

m 

C~' 

r- 1 

r— • 

>— t 

t-< 

T-i 

r— < 

f— * 

0 

0 

0 

0 

0 

0 

O 

O 

0 

0 

ir 

c 

ix 

IT' 

ir 

ir 

• 

• 

• 

• 

• 

• 

• 

• 

00 

•a- 

r— ' 

r— 1 

m 

nj 

D  14 


a> 

< 

a 

a 

UJ 

> 

LU 


>— ■  CO 


5 

5 


a 

Z’  IN) 

C  — 
—  to 

H- 

VJ  111 
<  _J 
O  L_ 
Ll  •— 
I — 
U_  Q 
>  < 
a  a 
¥— « 

to  O 


O  O 


I 

o 

CM  OC 

o  o 


I 

o 

O 


O 

•4" 

r-H 

l 

o 

r\j 


o 

r-~ 

r— I 

I 

o 


o  o 


lu  lu  a  a 

lL  lb  ll. 

uj  a  a 
a  uj  uj 
a  a 


o 

r— « 

l 

o 

o- 


CO 

a 

a> 

a 

a 

a 


o  to 
O  *-  c 


to 
to  a 
a  a 
uj  a 
a  a 
uj  a 
a 


o 

tO 


LU 

a 

> 


o  N  4 


o 


o 


CM 


a 

c 

a 


T 

ZD 

J 

O 

a 

c~  o  I 

r— 1  CM  CO 

•  •  a 

X 


G 

a 

to 


a 

o 

CO 


a 

a 

to 

N 

r 

r 

a  z 


o  o 
a  a 
c  a 
a 
^  to 


a  a 
z  < 
a  i 
i —  a 


c 

O  a 
a  a 
a  in 

IN) 


to 


a 

a 

a 

a 

tO 


z:  G 
>—  CO 

>-  s 
h-  CD 
— <  a 

a 

o  z: 
u  •— 

CO 
•  cO 
>  to 
a 
G  a 

—  i— 

t—  to 
< 

x  c 
ai  a 
z  a 

*— *  >-H 

V  > 


C 

z 

c 

a 

a 

a 

a 


a  f— 
<  a 
x  < 

G  I 

a 

a 

— <  a 
g 

a  5 
to  5 

z  z 


to  a 
o  e: 
z:  z 

>— •  *— 

o  c 
<  < 
a  a 
a  a 


****£» 


